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EVERYTHING  FOR  ELECTRONICS 


A good  recipe  for 
getting  » 

started 


♦ The  DHT22 
Humid  ity/Temperatu  re 
Sensor  Demystified 

Its  secrets  revealed! 
* Wi-Fi  With  The  PIC 

Communicating  with  Wi-Fi  sensors 


,*HV  Mob//e 

Available  For:  ^ 
IQS  -Android  * 
Kindle  Fire 


using  your  32-bit  Experimenter. 


Easy-to-use  Serial  to  Ethernet  Solutions 


> SBL2e 100 

2-Port  3.3VTTL  serial  device  support 
# with  analog  to  digital  converters  & digital  I/O 
Part  No.  SBL2E-1 00IR:  $21 .95  Qty.  1 K 


> SBL2e  CHIP  (80-pin  LQFP) 

2-Port  3.3VTTL  serial  device  support 
with  analog  to  digital  converters  & digital  I/O 
Part  No.  SBL2ECHIP-236IR:  $1 2.50  Qty.  1 K 


For  as  low  as 

50 


$12 


> SBL2e X 

1-Port  RS-232  serial  device  support 
Part  No.  SBL2EX-1 00IR:  $79.00  Qty.  1 K 


> SBL2eXA 

1 -Port  RS-232  and  3.3VTTL  serial  device  support 
with  analog  to  digital  converters  & digital  I/O 
Part  No.  SBL2EXA-1 00IR:  $79.00  Qty.  1 K 


Access  serial,  analog,  or  digital  I/O  data  over  Ethernet! 


The  goal: 

Control,  configure,  or  monitor 
digital  I/O,  analog  inputs,  or  a 
serial  device  using  Ethernet 


The  method: 

Connect  serial  port,  digital  I/O, 
or  analog  input  to 
a SBL2e  device 


The  result: 

Access  device  from  the 
Internet  ora  local 
area  network  (LAN) 


NetBurner  SBL2e  Devices  network-enable  serial,  analog,  or 
digital  I/O  devices  out  of  the  box  - no  programming  or 
development  is  required.  The  included  virtual  COM  port 
Windows  utility  enables  you  to  easily  access  serial  devices 
located  on  a remote  NetBurner  device  as  if  they  were  plugged 
into  your  own  computer.  The  hardware  is  pre-programmed  to 
convert  your  serial  data  to  Ethernet,  enabling  communication 
with  the  serial  device  over  a network  or  the  Internet. 


Need  a custom  solution? 

NetBurner  Development  Kits  are  available 
to  customize  any  aspect  of  operation 
including  web  pages,  data  filtering,  or 
custom  network  applications. 

> Development  Kit  for  SBL2e 

Part  No.  NNDK-SBL2E-KIT:  $299.00 


etBurner 

Networking  in  One  Day! 


Information  and  Sales  | sales@netburner.com 
Web  | www.netburner.com 
Telephone  1 1-800-695-6828 


freescale 


Alliance 


Get  the 

MAX 

with  the 


MINI-M4  for  STM32 
contains  STM32F415RG  (ARM®  Cortex™-M4) 


bootloader 
{ INSIDE 


40x 


MINI-32 


contains  PIC32MX534F064H 


30x 


bootloader 
{ INSIDE 


Replace  your  DIP40  MCU 
with  a pin-compatible  MINI 
board  and  get  up  to  40x 
better  performance! 

Keep  everything  you  love  about  8-bit  MCUs  in 
DIP40  packaging  and  get  up  to  40x  better 
performance.  Our  powerful  MINI  boards  are  pin 
compatible  with  PIC18F45K2x  making  them  a 
perfect  excuse  to  smoothly  switch  to  32-bit.  Get 
used  to  having  plenty  of  available  memory  and  lots 
of  processing  power.  Each  MINI  comes  preloaded 
with  a fast  USB  HID  bootloader,  so  programming  is 
as  easy  as  it  gets.  Try  it  out  for  $29  only.  J 


contains  IX4F230H5QR  (ARM®  Cortex™-M4) 


lLA. 


MikroElektronika 

DEVELOPMENTTOOLS  I COMPILERS  I BOOKS 


www.libstock.com 


GET  IT  NOW 

www.mikroe.com 


i;  Lee  mi:  ULeL 

c o p o rat' 


QUALITY  Parts 
FAST  Shipping 
DISCOUNT  Pricing 


I 


N 


CALL,  WRITE,  FAX  or  E-MAIL 
for  a FREE  96  page  catalog. 
Outside  the  U.S.A.  send  $3.00  postage. 


THUMB  JOYSTICK  W/ 
SELECT  BUTTON 

2-Axis,  self-centering  Joystick 
contains  two  independent 
10K  Ohm  pots  (one  per  axis)  for 
reporting  the  joystick's  position.  Also  has  a 
select  button  actuated  when  the  joystick  is 
pressed  down.  CAT#  JS-932  QC 

each 


10  for  $3.56  each 


LINEAR  ACTUATOR  FOR 
AUTO  FUEL  DOOR 

12Vdc  push/ 
pull  actuator 
for  auto  fuel 
door.  12mm 
push  or  pull 
depending  on  polarity.  Nylon  housing  and 
plunger.  Housing  dimensions  43  x 59  x 29mm. 
Two  mounting  holes  on  50mm  centers.  Termi- 
nals are  inside  of  nylon  connector  attached  to 
housing.  5"  nylon  hooked  extension  rod  can  be 
easily  twisted  off  end  of  plunger.  M -j  fr 
CAT#  DLA-3  t/l  / 3 

■ each 


EL  BACKLIGHT,  2.8"  X 2.2" 

For  backlighting  displays, 
control  panels,  special 
effects  and  model  lighting. 

Flexible,  produces 
practically  no  heat.  Oper- 
ates on  80-120Vac  and  will 
run  off  of  inverter  or  standard  "house"  electric- 
ity. Salmon  color  in  off-state.  Glows  white 
when  energized.  Solderable  pins. 

CAT#  EL-15 


100  for  $1.00  each 


$135 

* each 


33,000UF  50V  COMPUTER 
GRADE  CAPACITOR 

Nippon  Chemi-con  U32D  105C. 

35mm  dia.  x 123mm  high  (excluding 
terminals).  Screw  terminals. 

CAT#  EC-335 

$i 


10  for  $4.50  each 


it 


each 


WHITE  LED  ASSEMBLY, 

12  VDC 

Eight  bright  white 
5mm  diameter  LEDs 
prepped  for  12  Vdc 
operation.  Four  pairs 
of  LEDs  on  4"  leads 
attached  to  a 1"  square  PC  board  with  resis- 
tors. Assemblies  are  slightly  tacky  due  to 
some  substance  used  in  their  preparation. 
CAT#  LED-246 


10  for  $1.30  each 


$150 

" each 


17.25"  ALUMINUM  HEATSINK 

17.25"  x 
4.37" x 
1. 40- 

Aluminum 

heatsink.  Prepped  with  several 
tapped  holes  and  a slit, 

4"  long,  between  two  fins. 

CAT#  HS-176 


>25“ 


HIGH  RESOLUTION  BIPOLAR 
STEPPER  MOTOR , USEDj 

VEXTA#  PK244M-01 AA-C4. 

4V,  1.2A,  2-Phase,  6-leads. 

0.9  Degrees  per  step. 

42mm  square  x 40mm  long. 

4mm  diameter  x 18mm  long 
flatted  shaft  with  cogbelt  pulley 
attached.  Removed  from  used 
equipment  in  good  condition. 

CAT#  SMT-369 


8 OHM  15W  WALL  MOUNT 
SPEAKER  AND  ENCLOSURE 

3.5",  8 Ohm,  15W  speaker 
in  a break-resistant  white 
plastic  wall-mount 
enclosure.  4.25"  square  x 
2.20"  deep.  10"  color- 
coded  pigtail  leads.  New, 
individually  boxed  with 
mounting  screws. 

CAT#  SK-350 


*A50 

■ each 


24VDC  GLOBE  GEAR  MOTOR, 
USED 

Quality  gear  motor 
removed  from  working 
equipment.  30mm  dia.  x 47mm  long  motor. 
35mm  diameter  x 28.5mm  long  gear  head. 
4mm  diameter  x 19mm  long  shaft  with  nylon 
worm  gear  attached.  No  load  ratings: 
140RPM  @ 12Vdc,  80mA. 

280RPM  @ 24Vdc,  80mA. 

CAT#  DCM-41 9 Bte  each 


$1995 

B 


MINI-MOTOR,  VIBRATOR 

Tiny  motor  with  offset  weighted  shaft. 
Designed  to  vibrate  in  mobile 
communications  devices.  Operate 
on  1.5-4.5Vdc.  15mm  - length  including  shaft. 
4mm  diameter  without  rubber. 

CAT#  DCM-371 


$125 

■ each 


10  for  $1.10  each 
100  for  950  each 


12  VDC  XENON  FLASHER 

Bright  strobe  assembly  with  horseshoe 
flashtube.Approximately  80 
flashes  per  minute.  12  Vdc_ 
operation.  65  x 75mm 

CAT#  FSH-13 

$5— 

each 


ULTRAVIOLET  LED  f-  - 

390-400nm  UV  LED.  5mm  (T1-3/4).  20°  view- 
ing angle.  Water-clear  in  off-state.  3.4-3. 6V. 
20mA.  Ideal  for  counterfeit  bill  detection, 
detection  of  fluorescence  in  minerals,  black 
light  posters.  CAT#  U LED-3 


110 

100  for  900  each 

1— 

■ each 

1000  for  750  each 

21  MM  PIEZO  ELEMENT 

50mm  wire  leads. 

CAT#  PE-56 


$100 

■ each 


10  for  850  each 


shop  on-line  www.allelectronics.com 

ORDER  TOLL  FREE  1-800-826-5432 


MAIL  ORDERS  TO: 

ALL  ELECTRONICS  CORP. 

14928  OXNARD  ST.,  VAN  NUYS,  CA  91411-2610 


FAX  (818)  781-2653  • INFO  (818)  904-0524 

E-MAIL  allcorp@allcorp.com 

NO  MINIMUM  ORDER  • All  Orders  Can  Be  Charged  to  Visa,  Mastercard,  American  Express  or  Discover  • Checks  and  Money  Orders  Accepted  by  Mail  • Orders 
Delivered  in  the  State  of  California  must  include  California  State  Sales  Tax  • NO  C.O.D  • Shipping  and  Handling  $7.00  for  the  48  Continental  United  States  - ALL 
OTHERS  including  Alaska,  Hawaii,  RR.  and  Canada  Must  Pay  Full  Shipping  • Quantities  Limited  • Prices  Subject  to  change  without  notice. 


VISA 


MANUFACTURERS  - We  Purchase  EXCESS  INVENTORIES...  Call,  Write,  E-MAIL  or  Fax  YOUR  LIST. 
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If  you  build  it,  it  will  push. 


Build  and  customize  your  Zumo. 


Put  your  Arduino  or  compatible  controller  on  the  right  tracks  with  the  Zumo 
chassis  and  Arduino  shield!  The  Zumo  is  a small,  tracked  robot  platform  that 
works  with  a variety  of  micro  metal  gearmotors  to  allow  for  a customizable 
combination  of  torque  and  speed.  Add  a Zumo  shield,  which  includes  a dual 
motor  driver,  buzzer,  and  three-axis  accelerometer  and  compass,  to  make  an 
Arduino-controlled  robot  that  can  really  throw  its  weight  around! 


ElPololu 

Robotics  & Electronics 


Find  out  more  atwww.pololu.com/zumo 


Page  32 


Projects  a Featuros 

32  A Recording  Radiation  Counter 

Are  you  exposed?This  unit  detects  and  displays 
levels  of  radiation,  plus  you  can  record  months 
of  data  to  keep  track  of  just  how  toxic  areas 
may  be  or  become. 

■ By  Ron  Newton 

40  Introducing  Wi-Fi  With  the 
PIC  32-bit  Micro  Experimenter 

Get  ready  to  use  your  Experimenter  to 
communicate  with  remote  Wi-Fi  sensors. 

■ By  Tom  Kibalo 


Cilimis 

10  TechKnowledgey20l3 

Events , Advances , and  News 

Slicing  with  sound , wireless  storage  for  eight 
mobile  devices , a rival  for  GPS , and  a way  to 
never  lose  anything  again  are  just  some  of  the 
interesting  tidbits  you  can  catch  up  on  this  month. 

14  The  Spin  Zone 

Adventures  in  Propeller  Programming 

Pick  a Card  or ...  Abort! ! ! 

Learn  how  to  make  the  best  use  of  the  abort 
coding  feature  to  create  programs  with 
robust  error  handling. 

20  Q&A 

Reader  Questions  Answered  Here 

Solar  power  for  microcontrollers , touch  switches , 
tuned  circuit  values , remote  tester  problems , 
and  a tutorial  on  transistor  modeling  are  covered 
this  month. 

60  Smiley’s  Workshop 

Programming  • Hardware  • Projects 

The  Arduino  Proto  Shield  Alarm  Clock  — continued. 
This  time , well  dig  deeper  into  the  software 
for  our  Arduino  based  design  to  see  what  really 
makes  it  tick. 


50  The  DHT22  Humidity/Temperature 
Sensor  Oemystified 

Keeping  tabs  on  relative  humidity  and 
temperature  is  important  in  a variety  of 
situations. The  DHT22  is  a recent  contribution 
to  the  lineup  of  joint  humidity/temperature 
sensors,  and  is  particularly  attractive  to  DIYers 
thanks  to  its  low  cost.  Uncover  its  secrets  to  get 
it  working  for  you. 

■ By  Thomas  Henry 

54  Raspberry  Pi,  AnyoneP 

Get  a piece  of  this  popular  DIY  action  by 
learning  how  to  cook  up  your  own  RPi  to 
start  experimenting  with. 

■ By  Craig  A.  Lindley 


68  Near  Space 

Approaching  the  Final  Frontier 

A Simple  Airframe  for  a Simple  Flight 
Computer  or  Near  Space  Tracker. 

Learn  how  to  turn  a soft-sided  insulated 
lunch  box  into  a cost-effective  airframe  for 
your  next  mission. 
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Save  10%  using  Coupon  Code  NV2012* 
when  ordering  online  at  www.canakit.com 


Ccinci  Kit 

Electronic  Kits  • Modules  • Parts 


Motor  Controllers  • Arduino  • Signal  Generators  • FM  Transmitters  • Timers  • Audio  Amplifiers 


$59" 

ASSEMBLED 


4-Port  USB  Relay  Controller  with 
6-Channel  Analog/Digital  Interface 


UK1104 

y 


/ \ 

5A  Motor  Speed  Controller  (PWM) 

$22" 

ASSEMBLED 


UK1102 


/ \ 

Stereo  Audio  Amplifier  (10W) 


UK560 


ASSEMBLED 


7A  Bi-Directional 
Motor  Speed  Controller  (PWM) 


$3995 

ASSEMBLED 


UK1125 

J 


USB  PIC  Programmer 
(MPLAB  Compatible) 


ASSEMBLED  UK1300 


1*888*540-KITS  (5487)  info@canakit.com 


www.canakit.com 


* Limit  one  per  customer.  Can  not  be  combined  with  other  coupons  or  volume  discounts. 
Does  not  apply  to  products  already  on  sale.  Prices  subject  to  change  without  notice. 


Component 
Specifications: 
Trust  or  Verify? 

It's  easy  to  forget  that  no  two 
components  or  devices  are  exactly 
alike.  This  is  fairly  obvious  with 
common  leaded  resistors,  given  the 
tolerance  marking  is  hard  to  miss  — 
gold  5%,  silver  10%,  none  20%  for 
four-band  resistors.  In  other  cases, 
it's  less  obvious. 

For  example,  in  working  with 
batches  of  Arduino  microcontrollers, 
I've  noticed  small  but  significant 
differences  in  the  analog-to-digital 
conversion  accuracy  from  one 
microcontroller  to  another.  This  may 
be  due  to  differences  in  the  ATmega 
chip  but,  more  likely,  it's  due  to 


variations  in  the  crystals  or  other 
external  discrete  components. 

Often  the  exact  or  absolute 
value  of  a component  isn't  as 
important  as  having  two  or  more 
components  of  the  same  value.  For 
example,  I just  put  together  an  MP3 
player  with  the  SparkFun  MP3  player 
shield  and  their  little  TPA2005D1 
audio  amplifier  breakout.  The  class 
D amplifier  has  a fully  differential 
input  that  interfaces  nicely  with  the 
output  of  the  MP3  player.  It  also  has 
the  advantage  of  relative  noise 
immunity. 

Flowever,  I had  to  increase  the 
gain  of  the  amplifier  for  my 
application,  and  this  meant  using  a 
pair  of  matching  resistors  to  keep 
the  performance  optimized.  So,  I sat 
down  with  a few  dozen  25K  5% 


resistors  and  my  lab-quality  Fluke 
DMM  and  identified  a matching  set. 

I only  wish  it  were  this  easy  with 
other  components. 

Take  vacuum  tubes.  I own 
several  vacuum  tube  amps  — one 
DIY  and  a couple  vintage  guitar 
amps.  One  guitar  amp  uses  a 
matched  pair  of  6V6  output  tubes, 
and  the  other  a quad  set  or  'quartet' 
of  6L6  tubes. 

In  each  case,  the  amplifier 
designs  assume  that  the  tubes  are 
matched  — in  terms  of 
transconductance  — which  is  roughly 
the  amount  of  amplification 
provided  by  a tube.  It's  actually  the 
change  in  plate  current  divided  by 
the  corresponding  change  in  grid 
voltage/plate  voltage  held  constant. 

The  problem  with  tubes  is  that 
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they're  expensive,  and  there  doesn't 
appear  to  be  an  industry  standard 
for  what  "matched  set"  means. 
Moreover,  matched  sets  command  a 
50%-100%  premium  over  single 
tubes.  As  a point  of  reference,  a 
single  Groove  Tubes  6L6  sells  for 
less  than  $20,  while  a quartet  sells 
for  $140.  So,  I naturally  look  to 
online  sources  such  as  eBay  for 
affordable  sets. 

Unfortunately,  there's  no  way  to 
know  from  mere  visual  inspection 
whether  someone  simply  put  four 
tubes  in  a box  and  called  them 
matched.  A few  months  ago,  I 
snagged  a 6L6  quartet  on  eBay  for 
$60.  Quite  a deal  — until  I plugged 
them  in.  The  amp  just  didn't  sound 
right. 

My  next  purchase  was  an  old 
but  operable  tube  tester,  shown  in 
the  accompanying  photo.  Given  the 
age  of  the  unit  (a  Hickok  6000A), 
absolute  calibration  probably  isn't 
what  it  should  be.  However, 
because  I'm  looking  for  relative 
differences  in  tubes,  calibration 
doesn't  really  matter. 

As  I suspected,  the  tube  tester 
showed  marked  differences  in  tube 
transconductance  in  the  quartet. 
Since  the  meter  purchase,  I've 
amassed  a small  collection  of 
bargain  priced  tubes  and  created 
my  own  matched  sets.  My  amps  are 
purring  with  delight. 

Clearly  — at  least  in  the  case  of 
vacuum  tubes  — it  pays  to  assume 
that  "matched"  is  meaningless.  I've 
encountered  a similar  'lack  of 
honesty'  when  it  comes  to 
"matched"  speakers  sold  for  DIY 
amplifier  cabinets. 

As  analog  electro-mechanical 
devices,  speakers  of  the  same  make 
and  model  can  vary  significantly 
from  one  unit  to  the  next.  This 
becomes  problematic  if  you  want  to 
combine  two  or  four  speakers  in  a 
cabinet  while  maintaining  an 
impedance  match  for  the  amplifier 
output  circuit. 

The  bottom  line  is  that  it  often 
pays  to  verify  component 
specifications,  especially  when 
you're  paying  a premium  for 
supposedly  premium  components. 
NV 


Schematic 
Simulation 
PCB  layout 
Autorouter 
Gerber  data 
Milling  data 
Prototype 
Assembly 
Frontpanel 


PCB  Layout  CAD  Software 


Easy  to  use.  All  in  one. 


SQL  database 

Over  35,  WO  parts 
Search  for  parts 

by  parameter 
Draw  Custom  parts 
Direct  part  links  to 
Newark -Farnelf 
DigiKey*,  etc. 


Free  version 

Fully  functional 
250  pin*,  2 layers 
Mo  registration 
Mo  codes,  no  dongle 
Mo  time  restriction 
Max.  size:  47"*47H 


Call  Jim  Schaefer 
(530)  763  2299 

jjmtf§!target-3Q01  com 


www.target-3001  .com 


Assembly 

SMT  and  THT 
Calculate  the  price 
of  your  PCS  within 
the  software  and 
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■ Measurement 
of  laser-induced 
electric  currents. 


semiconductors.  Metals  are  highly  electrically  conductive, 
whereas  dielectrics  are  nonconductors  and  tend  to  go  up  in 
smoke  if  you  apply  enough  juice  to  them.  Semiconductors  are 
somewhere  in  the  middle;  they  will  conduct  electricity,  but  only 
if  kick  started  via  the  application  of  sufficient  energy.  For  fairly 
obvious  reasons,  semiconductor  materials  have  been  used  to 
fabricate  transistor  devices,  as  they  can  readily  switch  between 
conductive  and  nonconductive  states.  The  problem  is  that 
today's  best  semiconductor  components  can't  switch  at  rates 
exceeding  a few  gigahertz,  which  limits  the  operating  speed  of 
pretty  much  everything  electronic. 

However,  a team  of  researchers  from  the  Max-Planck- 
Institute  of  Quantum  Physics,  Georgia  State  University,  and 
other  institutions  became  curious  about  how  certain  dielectrics 
might  respond  to  high  power  stimuli  lasting  just  a very  short 
time.  To  find  out,  they  unsheathed  a near-infrared  laser  capable 
of  generating  up  to  1 0 billion  volts  for  just  a few  quadrillionths 
of  a second  (i.e.,  femtoseconds).  They  equipped  a silica-glass 
prism  with  gold  electrodes  spaced  with  a 50  nm  gap,  hit  the 
prism  with  a few  laser  pulses,  and  — lo  and  behold  — induced 
measurable  current  between  the  electrodes,  indicating  that  the 
light  field  changed  the  material  from  an  insulator  to  a conductor. 
Subsequent  experimentation  proved  that  the  process  is 
reversible,  so  the  conclusion  is  that  it  is  quite  possible  to  use 
certain  dielectric  materials  for  signal  processing,  and  at  petahertz 
speeds  — about  10,000  times  faster  than  today's  devices. 

You  shouldn't  expect  this  discovery  to  turn  into  a new  set 
of  computer  chips  anytime  soon,  but  as  researchers  put  it,  "Our 
work  demonstrates  how  state-of-the-art  photonic  techniques 
may  explore  ways  of  pushing  the  frontiers  of  information 
processing,"  and,  "We  hope  that  these  results  provide 
motivation  for  other  groups  worldwide  to  join  us  in  exploring 
and  exploiting  the  potential  wide-gap  materials  may  offer  for 
speeding  up  electronics."  Two  related  papers  have  been 
published  in  the  journal  Nature , and  are  available  at 
www.nature.com.  A 


NOT  JUST  A 
DIELECTRIC 
ANYMORE 

A s is  widely 
'^known, 
materials  can  be 
herded  into  three 
groups  according  to 
their  electrical 
properties:  metals, 
dielectrics,  and 


SLICING  WITH  SOUND 

We're  all  familiar  with  sounds  that  are  so 

annoying  that  they  "cut  like  a knife,"  but  it  now 
appears  that  the  concept  has  moved  beyond  mere 
simile.  Modern  ultrasound  techniques  are  commonly 
used  to  catch  a glimpse  of  fetuses  and  other  internal 
objects,  and  they  can  even  be  employed  to  zap 
kidney  stones  and  prostate  tumors.  However,  an 
engineering  team  at  the  University  of  Michigan 
(www.umich.edu)  has  developed  a technique  that 
could  ultimately  lead  to  an  invisible  ultrasonic  knife 
for  performing  noninvasive  surgery. 

Existing  focused  ultrasound  technology 
generates  a focal  spot  that  is  typically  a few 
centimeters  in  diameter,  which  does  not  provide 
enough  precision  for  targeting  "delicate  vasculature, 
thin  tissue  layer,  and  cellular  texture."  So,  the  team 
has  created  a carbon  nanotube-coated  lens  that 
converts  light  into  sound  and  then  focuses  the 
sound  waves  with  about  100  times  better  accuracy. 
They  were  able  to  concentrate  high-amplitude  waves 
into  a 75  x 400  m speck  that  blasts  and  cuts  with 
pressure  rather  than  heat. 

According  to  project  leader  Prof.  Jay  Guo,  "We 
believe  this  could  be  used  as  an  invisible  knife  for 
noninvasive  surgery.  Nothing  pokes  into  your  body, 
just  the  ultrasound  beam.  And  it  is  so  tightly 
focused,  you  can  disrupt  individual  cells." 

In  separate  experiments,  they  successfully 
detached  a single  ovarian  cancer  cell  and  blasted  a 
150  m hole  in  an  artificial  kidney  stone.  "This  is  just 
the  beginning,"  added  Guo.  "This  work  opens  a way 
to  probe  cells  or  tissues  in  much  smaller  scale."  A 


■ Artificial 
kidney 
stone  with 
a 150  m 
opto- 

acoustically 

created 

hole. 
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COMPUTERS  AND  NETWORKING 


TABLETTOO  BIG  TO  SWALLOW? 

One  of  the  best  features  of  a tablet  computer  is  that  it  is 
compact  and  easy  to  carry  around,  so  the  new  20  in 
4K  tablet  that  Panasonic  (www.panasonic.com)  introduced 
at  this  year's  Consumer  Electronics  Show  (CES)  seems  a bit 
counterintuitive  — sort  of  like  a six-passenger,  two-ton  smart 
car.  Apparently  the  device  — which  the  company  says  will 
be  available  sometime  in  the  last  half  of  this  year  — is 
designed  as  a commercial  product  primarily  for  "architects, 
graphic  designers,  and  photographers"  who  can  put  the  real 
estate  to  good  use. 

Its  main  features  are  the  big  IPS  Alpha  Panel  display  that 
sports  3840  x 2560  pixels  (230  ppi)  and  can  show  more 
than  16  million  colors.  Plus,  the  user  interface  includes  an 
electrostatic  multi-touch  panel  (10  fingers)  and  an  Anoto 
(www.anoto.com)  high-res  digital  pen.  Other  specs  for  the 
Windows  8 based  machine  include  a 1 .8  GHz  Core  i5 
processor,  up  to  16  GB  of  RAM,  NVIDIA  GeForce  graphics, 
and  an  embedded  HD  720P  camera.  It  weighs  in  at  a fairly 
hefty  5.3  lb  (2.4  kg)  and,  as  you  might  expect,  doesn't  offer 


■ Panasonic's  20  in  4K  tablet  will  be  available 

the  last  half  of  2013. 


much  in  the  way  of  battery  life:  just  two  hours  on  a charge. 
With  a 15:10  aspect  ratio,  it  can  display  an  A3  size  paper 
(11.7x1 6.5  in,  or  297  x 420  mm)  in  almost  full  size,  making 
it  useful  for  looking  at  things  like  newspapers  and 
magazines.  No  MSRP  was  announced,  but  it's  safe  to  say 
that  it  ain't  gonna  be  cheap.  ▲ 


ONE  KEYBOARD,  THREE  APPLES 

A nifty  new  product  aimed  specifically  at  owners 
of  multiple  Apple  devices  is  Logitech's 
(www.logitech.com)  Bluetooth®  Easy-Switch™  keyboard. 

You  can  use  it  simultaneously  with  up  to  three  devices,  such 
as  your  desktop,  iPad,  and  iPhone,  so  you  can  go  from 
word  processing  to  taking  notes  to  texting  by  just  pressing  a 
button.  It  includes  the  familiar  Mac  layout  including  the 
command,  brightness,  and  Mission  Control  buttons,  and  the 
aluminum  exterior  provides  a style  match.  In  addition,  it 
features  backlit  key  illumination  that  automatically  dims  and 
brightens  to  match  room  lighting.  You're  looking  at  a $99.99 
MSRP.  Logitech  has  also  introduced  a companion 
rechargeable  trackpad  that  can  be  had  for  $69.99.  ▲ 


WIRELESS  STORAGE  FOR  EIGHT 
MOBILE  DEVICES 

Also  performing  with  multiple  cast  members  is  the  Wireless  Plus  mobile 
storage  device  from  Seagate  (www.seagate.com),  which  snagged  a 
Best  of  Innovations  Award  at  the  2013  CES.  Using  the  mobile  Seagate 
Media  app,  you  can  wirelessly  transfer  data  to  or  from  as  many  as  eight 
Apple  iOS,  Android,  or  Kindle  Fire  devices.  In  fact,  it  will  work  with  just 
about  any  Wi-Fi  connected  device,  and  you  can  even  use  it  to  show 
video,  photos,  music,  and  still  graphics  on  a big  screen  TV  via  Apple 
Airplay,  a DLNA  device,  or  an  app  designed  for  Samsung  Smart  TVs  and 
Blu-ray  players.  The  1 TB  drive  provides  enough  space  for  as  many  as  500 
full  length  HD  movies,  and  it  comes  with  a removable  SuperSpeed  USB 
3.0  adapter  for  quick  file  transfer.  As  of  this  writing,  the  street  price  is  the 
same  as  the  list:  $1 99.99.  ▲ 


■ Seagate's  Wireless  Plus  provides  storage 
for  up  to  eight  mobile  devices. 
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CIRCUITS  AND  DEVICES 


The  concept  of  drawing  power  directly  from  an  Ethernet 
connection  isn't  new  or  very  complicated.  You  just  string  out 
some  category  5 cable  and  attach  a power  over  Internet  (PoE) 
source  device  which  allows  you  to  send  both  data  and  up  to  1 5.4W 
(IEEE  802.3af-2003)  or  25. 5W  (IEEE  802.3at-2009)  of  power  to  a unit 
elsewhere  in  the  network.  This  comes  in  handy  in  locations  where 
other  power  sources  are  not  readily  accessible.  Taking  it  a step 
further,  WinSystems  (www.winsystems.com)  has  introduced  what  is 
said  to  be  the  first  power  supply  module  designed  specifically  to 
drive  a PC/1 04-Plus  compatible  computer  board  stack.  The 
PPM-PS397-POE-1  is  a 25W  unit  that  can  be  configured  as  either 
an  endpoint  or  midspan  device.  It  extracts  power  from  a 
conventional  twisted  pair  cat  5 cable  in  conformance  with  the 
802. 3af  standard.  DC  power  is  extracted  from  the  Ethernet  cable  to  drive  an  onboard  isolated  DC/DC  converter  that 
generates  DC  output  voltages  of  +5,  +12,  and  -12  VDC,  providing  a regulated  low  ripple  and  low  noise  output  to  a 
PC/1 04-Plus  connector.  The  PS397  measures  only  90  x 96  mm,  and  operates  over  a range  of -40°C  to  +85°C.  The  unit 
needs  only  convection  cooling,  so  no  fan  is  required.  Interested  parties  are  directed  to  contact  the  company  for  pricing 
specifics,  but  it  is  billed  as  "low  cost."  ▲ 


■ WinSystems1  PPM-PS397-POE-1  is  a DC/DC  power  supply 
module  for  PC/104-Plus  compatible  devices. 


NEW  INDUSTRIAL  POE  SUPPLY 


NEVER  LOSE  ANYTHING  AGAIN 

If  you're  like  most  people,  you  lose  a lot  of  things  and 
end  up  spending  far  too  much  time  poking  around  the 
house  looking  for  them.  Such  items  include  car  keys, 


■ The  Radar  Screen  app  lets  you  find  lost  items 
via  a smartphone. 


wallets,  remote  controls,  and  Koozie  cups  with  half 
finished  bottles  of  beer.  Well,  help  is  here,  thanks  to  the 
folks  at  Stick-N-Find  Technologies  (www.sticknfind.com). 
You  just  attach  one  of  their  small  Bluetooth  location 
sticky  discs  to  virtually  any  item  (glass,  metal,  painted 
surfaces,  plastics,  leather,  and  so  on),  and  you  can 
instantly  locate  it  anywhere  within  about  100  ft  (line  of 
sight).  The  disc  is  only  about  the  size  of  a quarter  and 
weighs  just  0.1 5 oz  (4.5  g),  so  you  can  also  use  it  to 
locate  a family  pet  or  a spouse  who  had  a few  too  many 
and  passed  out  in  the  shrubbery.  It  can  even  warn  you  if 
a subject  moves  out  of  range.  Power  comes  from  a 
CR201 6 watch  battery  which  is  said  to  last  about  a year. 

To  locate  the  lost  items,  you  need  to  run  the  Radar 
Screen  app  on  an  iOS  device  with  Bluetooth  4.0  (iPhone 
4s,  iPhone  5,  new  iPad,  New  Touch,  mini  iPad)  or  an 
Android  device  that  supports  Bluetooth  Low  Energy 
and  runs  Android  4.1  or  newer.  Sadly,  this  means  that  a 
Stick-N-Find  will  not  be  useful  for  locating  your  lost 
smartphone. 

The  retail  price  ranges  from  $49.95  for  a twin  pack  to 
$1,400  for  a "company  pack"  of  100  stickers.  Product 
delivery  is  not  slated  to  begin  until  about  the  time  you 
read  this,  but  the  company  has  already  booked  more 
than  $700,000  worth  of  preorders.  Is  there  a demo  vid? 
Of  course.  Just  search  for  "stick-n-find"  on  YouTube.  Now, 
if  I can  figure  out  how  to  attach  one  to  my  mind,  I'll  be  in 
business.  ▲ 
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INDUSTRY  AND  THE  PROFESSION 


RIVAL  FOR  GPS? 

When  the  LORAN  system  was  shut  down  a couple 
years  ago,  few  tears  were  shed  as  GPS  provides 
greater  accuracy  and  wider  coverage.  Still,  GPS  isn't  so 
hot  when  you're  inside  a shopping  mall  or  similar 
location.  Now,  an  Australian  company  called  Locata 
(www.locatacorp.com)  is  developing  a ground-based 
system  that  projects  radio  signals  over  localized  areas  — 
and  it  even  works  indoors  — as  the  signals  arrive  with 
about  a million  times  the  power  of  what  your  GPS 
receiver  picks  up.  Even  the  US  military  (which  invented 
the  GPS  system)  is  testing  it  out  at  New  Mexico's  White 
Sands  Missile  Range. 

Reportedly,  tests  by  the  Air  Force  revealed  that  the 
system  was  accurate  to  within  1 8 cm  (7  in)  along  any 
axis,  and  it  should  be  possible  to  bring  that  down  to 
5 cm  (2  in).  Although  it  is  unlikely  to  drive  GPS  into 
obsolescence,  the  technology  could  be  married  with  it. 

Leica  Geosystems'  (www.leica-geosystems.com) 
Jigsaw  Positioning  System  employs  both  signal  types,  but 
their  equipment  is  still  the  size  of  a briefcase  and  geared 
toward  the  mining  industry.  A 


■ A pair  of  Locata  transmit  antennas  overlook  the 
White  Sands  Missile  Range. 


EE  JOB  OUTLOOK  IMPROVING 

The  electrical  engineering  profession  took  a beating  during  the  recession,  but  IEEE  Spectrum  magazine  has  predicted  a 
healthy  revival  in  some  areas.  Hiring  is  up  by  about  10  percent  overall,  and  big  bucks  are  flowing  into  the  power  sector 
from  both  the  federal  government  and  industry.  As  a result,  the  utility  industry  hired  about  120,000  new  Bachelor's 
graduates  last  year  with  starting  salaries  averaging  $64,000.  A master's  will  bring  you  around  $80,000,  and  a doctorate 
$90,000,  so  maybe  it's  time  to  finish  up  that  degree.  NV 


E I ect  ro  n ix  express 
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■ BY  JON  MCPHALEN 


ADVENTURES  IN  PROPELLER  PROGRAMMING 


PICK  A CARD  OR  ...ABORT!!! 


Around  Christmas  time,  I helped  a friend 
with  a reverse  geocache  project  that  he 
was  building  as  a gift.  Jeff  hasn't  had  a lot 
of  time  with  the  Propeller  yet,  and  I'm 
always  happy  to  encourage  anyone 
willing  to  give  it  a go.  Part  of  the  project 
involved  "backdoor"  access  to  the  box  in 
the  event  the  number  of  attempts  were 
exceeded  by  the  user.  We  kept  things 
simple  — or  so  we  thought  — by  using  a 
magnetically-tripped  reed  switch  inside 
the  box.  We  did  get  it  working,  but  the 
original  switch  was  a bit  of  a problem. 


Not  long  after,  I was  looking  through  a parts  drawer 
and  came  across  a surplus  magnetic  card  reader  that  I'd 
picked  up  at  All  Electronics.  I immediately  smiled,  thinking 
this  would  have  been  a very  cool  "backdoor"  access  point 
for  our  project  since  we  could  have  coded  the  box  to 
open  only  for  Jeff's  credit  card,  while  displaying  all  kinds 
of  "Thank  you  for  the  cash!"  messages  if  the  user  inserted 
their  own  card. 

Long-time  followers  may  remember  that  I wrote  some 
code  for  a reader  in  SX/B  about  five  years  ago.  The 
program  worked  just  fine,  but  wasn't  terribly  sophisticated. 
With  the  resources  of  the  Propeller  and  the  ability  to 
create  object  libraries,  it  makes  good  sense  to  connect  the 
reader  and  write  some  new  code. 


Figure  1 shows  the  basic  connections  to  the 
Propeller;  for  my  initial  experiments,  I connected  to  a 
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SPIN  ZONE 


■ FIGURE  2.  Card  reader  with  Prop-BoE. 


Prop-BoE  as  in  Figure  2.  Note  that  the  reader  is  powered 
by  5V  and  that  all  of  the  open-collector  lines  from  the 
reader  to  the  Propeller  are  pulled  up  through  10K  (I  used 
a SIP  with  five  10K  resistors). 

If  you're  new  to  the  Propeller,  you  might  be  worried 
about  connecting  a 5V  circuit  to  the  I/O  pins.  It  is  quite 
safe  to  do  — so  long  as  we  use  a proper  current-limiting 
resistor. 

Have  a look  at  Figure  3.  Each  Propeller  I/O  pin  is 
protected  by  over-voltage  diodes  that  — as  we  can  find  in 
the  datasheet  — have  a forward  voltage  of  0.3V  and  a 
current  limit  of  500  pA.  Knowing  this,  we  can  do  a little 
work  with  Ohm's  Law  to  determine  the  proper  size  for  a 
current  limiter: 

R = (5.0  - (3.3  + 0.3) ) / 0.0005 

Doing  the  math,  R works  out  to  2.8K.  That  said,  it's 
not  a common  value.  For  5V  interfacing,  then,  I use  3.3K 
(4.7K  and  10K  are  fine,  too,  for  low  speed  circuits  like  the 
card  reader). 

While  working  on  the  card  reader  code,  I got  a text 
message  from  my  pal,  Rick  (another  one  of  those  amazing 
special  effects  wizards  that  I hang  out  with).  He  was 
wondering  about  the  correct  size  of  the  current  limiter  for 
interfacing  a 5V  circuit  to  the  Propeller. 

I reminded  him  to  remember  3.3:  Use  a 3.3K  resistor 
to  protect  the  3.3V  Propeller  from  a 5V  circuit. 


CARD,  PLEASE  ... 

The  device  we're  using  reads  track  2 from  ISO  cards 
— like  a credit  card.  This  track  is  low  density,  and  contains 
mostly  numeric  data  and  a few  control  characters.  In  my 
experiments  with  credit  cards,  I find  that  the  credit  card 
number  is  followed  by  the  field  separator  character  and 
additional  data  (usually  the  expiration  date  of  the  card). 

Before  we  get  to  the  code,  let's  look  at  the  purpose  of 
the  reader's  outputs: 

/rdt  Inverted  data 

/rcl  Active-low  clock 

/cld  Low  while  card  is  in  motion 

/ cldi  Low  when  card  is  inserted  into  reader 

/cld2  Goes  low  when  card  hits  end  stop 

Understanding  the  purpose  of  each  signal  — and  how 
data  is  written  to  the  track  — makes  it  fairly  easy  to  design 
an  algorithm  for  reading  from  the  card.  Data  on  track  2 is 
framed  by  special  characters;  there's  the  Start  Sentinel  at 
the  beginning,  then  it  is  terminated  by  the  End  Sentinel: 

1 . Wait  for  card  insertion. 

2.  Wait  for  card  motion. 

3.  Look  for  Start  Sentinel  character. 

4.  Read  characters  into  buffer,  then  quit  when  End 
Sentinel  or  End  Stop  is  detected. 
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Steps  1 and  2 are  easy  because  we 
only  need  to  look  at  the  states  of  those 
input  pins.  When  we  insert  a card,  the 
/ CLDl  line  will  go  low;  it  returns  high 
when  the  card  is  withdrawn  from  the 
reader.  When  the  card  is  inserted  and 
in  motion,  the  /CLD  line  will  be  low;  if 
the  card  stops  moving,  this  line  will 
return  high.  Once  we've  started  the 
read  process,  either  of  these  lines  going 
high  indicates  a problem  and  we  should 
deal  with  it. 

Step  3 is  actually  a bit  interesting, 
given  the  way  data  is  written  to  the 
card.  As  we  start  to  push  the  card,  well 
see  active-low  clock  bits  and  the  data 
line  (/RDT)  will  remain  high  (0  bit).  These  leading  zeroes 
give  us  the  opportunity  to  sync  up  with  the  data  bits. 
What  we're  going  to  do  is  create  a moving  window  that  is 
five  bits  wide,  and  exit  the  routine  when  the  Start  Sentinel 
character  is  detected.  Have  a look: 

pri  f ind_start_sentinel  I ch 

ch  :=  0 
repeat 

repeat  while  ( ina [crdclock]  ==  1) 
if  ( ina [crdmotion]  ==  1) 
abort  BAD_SWIPE 
ch  »=  1 

ch  |=  (ina [crddata]  ^ 1)  « 4 
waitpeq (clkmask,  clkmask,  0) 
if  (ch  = = %0_1011) 
return  0 

Keep  in  mind,  of  course,  that  we  won't  get  to  this 
point  until  we've  called  one  of  the  reader's  start  methods; 
these  simply  define  which  pins  do 
what,  create  a mask  for  the  clock  pin, 
and  a timing  value  that  we'll  use  later. 

Okay  ...  heading  in,  we're  going  to 
clear  the  work  variable  ch  (required  as 
it's  a local)  and  then  drop  into  a repeat 
loop;  this  loop  will  run  until  the  Start 
Sentinel  character  is  detected  in  the 
stream  or  we  abort  due  to  an  error. 

At  the  top  of  the  loop,  we  wait  for 
the  clock  line  to  drop,  and  while 
waiting  verify  that  the  card  motion  has 
not  stopped  (/CLD  goes  high).  Note 
that  when  it  does,  we  exit  the  method 
with  an  abort  code.  Otherwise,  when 
the  clock  line  drops,  we  prep  the  work 
character  for  LSB  first  data  by  shifting  it 
right  one  bit.  Then,  the  data  line  is 
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sampled  — XORed  (A)  with  1 to  invert 
the  bit  — and  finally  shifted  left  to  the 
bit  4 position  (MSB)  before  being 
added  to  the  work  character.  With 
the  new  bit  in  place,  waitpeq  holds 
the  program  until  the  clock  line 
returns  high. 

At  the  end  of  the  loop,  we  check 
for  the  Start  Sentinel  value  of 
%0_1 01 1 . If  we  don't  have  it,  then 
the  loop  runs  again.  By  following  this 
process  through  a few  cycles,  we  can 
see  that  we've  created  a five-bit 
sliding  window  on  the  data  stream; 
on  each  clock,  we  shift  bit  0 out  and 
add  a new  bit  4. 


ABORT!  ABORT!  ABORT! 

In  most  programs,  a method  simply  returns  to  its  caller 
with  or  without  a value.  In  the  above  code,  I want  the 
method  to  return  normally  on  finding  the  Start  Sentinel, 
and  abort  the  entire  read  process  (that  this  is  a part  of)  if 
the  card  stops  moving. 

When  one  method  calls  another,  the  return  address 
for  the  calling  method  is  pushed  onto  the  stack  along  with 
any  parameters  required  for  the  call.  When  the  called 
method  terminates,  it  pops  the  caller's  address  from  the 
stack.  Figure  4 illustrates  the  normal  call/return  process 
with  each  nested  method  returning  to  its  own  caller. 

Consider  this:  How  should  we  handle  a serious 
problem  that  may  be  nested  several  calls  deep?  We  could, 
of  course,  check  the  return  values  along  the  way,  creating 
conditional  code  that  handles  errors.  This  could  get  very 
unwieldy  and  make  our  programs  unnecessarily 
complicated  — especially  when  a problem  deep  down  the 
call  stack  needs  to  be  dealt  with  by  every  method  on  the 
way  back  out. 

Thankfully,  Spin  has  a mechanism 
that  saves  the  headache  of  trapping 
errors  as  we  back  out  of  a stack  of 
nested  calls;  if  we  force  the  exit  of  a 
method  using  abort  instead  of  return, 
the  call  stack  will  be  popped  all  the 
way  back  to  the  topmost  caller  — we 
simply  have  to  tell  the  code  what  this 
is.  A typical  method  is  called  like  this: 

check  : = some_method 

If  we'd  like  to  cleanly  handle  an 
error  anywhere  in  a multi-level  call 
using  abort,  we  set  a trap  like  this: 

check  :=  \some_method 
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The  backslash  in  front  of  the  method  name  tells  the 
compiler  that  an  abort  — no  matter  how  far  down  the  call 
stack  — will  force  the  program  back  to  this  point.  This 
feature  is  extremely  helpful  in  detecting  and  dealing  with 
problems  in  nested  calls.  Figure  5 illustrates  the  use  of 
abort  (red  arrows);  note  that  any  abort  in  the  nested  calls 
goes  directly  back  to  the  call  using  the  abort  trap. 

There  is  no  set  rule  for  the  values  used  by  abort  in 
reporting  problems.  For  my  projects,  a value  of  zero  or 
positive  is  normal;  abort  codes  are  reported  as  negative 
values. 

Okay,  then.  Let's  get  back  to  building  the  elements  for 
reading  the  track.  After  the  Start  Sentinel  is  found,  we  read 
characters  into  a buffer  until  the  End  Sentinel  is  detected 
or  we  hit  the  physical  end  stop  (/CLD2  goes  low). 
Characters  are  five  bits;  four  bits  are  data,  the  fifth  is  the 
parity  bit.  Odd  parity  is  used  which  means  that  the 
number  of  1 s in  the  character  — including  the  parity  bit  — 
add  up  to  an  odd  number: 

pri  read_char  | ch,  pcheck,  idx 

ch  : = 0 
repeat  5 

repeat  while  ( ina [crdclock]  ==  1) 
if  ( ina [crdmotion]  ==  1) 
if  ( ina [crdstop]  ==  1) 
abort  BAD_SWIPE 
else 

return  END_SENT 
ch  » 1 

ch  |=  ( ( ina [crddata]  ^ 1)  « 4) 

waitpeq (clkmask,  clkmask,  0) 

pcheck  :=  %1_0000 
repeat  idx  from  0 to  3 
if  (ch  Sc  (1  « idx)  ) 
pcheck  %1_0000 
if  ( (ch  Sc  %1_0000)  <>  pcheck) 
abort  BAD_PARITY 

return  Track2 [ch  & $F] 

The  first  half  of  the  read_char  method  is  identical  to 
the  find_start_sentinel  method  in  that  we  capture  five 
inverted  bits  on  the  falling  edge  of  the  clock  line.  In  this 
case,  though,  when  the  motion  input  indicates  the  card 
has  stopped  we  check  the  physical  limit  input.  If  the 
physical  end  is  detected,  then  we  return  the  End  Sentinel 
character. 

For  most  characters,  we  need  to  check  the  parity  bit 
before  returning  — or  possibly  aborting  — the  read  on  a 
parity  error.  We  start  by  presetting  a parity  check  variable 
and  then  looping  through  the  data  bits  (0-3)  of  the 
character.  If  we  find  a bit  is  set  (1 ),  then  the  parity  check 


bit  is  XORed  with  1 to  invert  it.  After  the  loop,  compare 
the  calculated  parity  bit  with  what  we  read  from  the  track 
(bit  4);  if  they  match,  we  have  a good  character  that  is 
converted  to  ASCII  using  a simple  table,  and  is  then 
returned. 

You  probably  noticed  that  the  find_start_sentinel  and 
read_char  methods  are  private;  this  means  they  cannot  be 
called  directly  from  the  parent  object.  These  methods  are 
called  from  read_card  which  puts  everything  together  to 
read  the  track  2 data: 

pub  read_card (timeout ) I t , idx,  ch 

if  ( ! card_inserted) 
abort  NO_CARD 

bytefill (@buf , 0,  BUF_SIZE) 

t : = cnt 

repeat 

waitcnt (t  +=  msltix) 
timeout  -=  1 
if  (ina [crdmotion]  ==  0) 
quit 

elseif  (timeout  ==  0) 
abort  BAD_INSERT 
elseif  ( ina [crddetect ] ==  1) 

abort  NO_CARD 

f ind_start_sentinel 

idx  : = 0 

repeat  BUF_SIZE 

if  ( (ch  :=  read_char)  <>  END_SENT) 
buf[idx++]  :=  ch 
else 

buf [ idx]  :=  0 
quit 

return  @buf 

In  the  normal  course  of  a program,  we  will  wait  for  a 
card  insertion  and  then  call  the  read_card  method  to  use 
the  abort  trap,  of  course.  If  all  goes  well,  the  return  value 
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DESCRIPTION 

SOURCE 

IS02  Card  Reader 
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www.meci.com 

Propeller  BoE 
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10K  SIP  5x  + COM 
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M-F  Jumper  Wires 

#1701 
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will  be  the  hub  address  of  the  track  buffer;  this  will  hold 
ASCII  characters  — mostly  numbers,  but  we  could  have 
the  "="  field  separator  mixed  in,  as  well. 

First  things  first:  If  the  method  is  called  with  no  card 
inserted,  we  abort  — we  cannot  read  a card  that  isn't 
inserted  into  the  reader!  If  a card  is  present,  the  buffer  is 
cleared  and  the  code  will  wait  for  the  card  to  start  moving. 
Note  that  the  method  requires  a timeout  period 
(specified)  in  milliseconds;  this  is  designed  to  allow  the 
user  to  align  the  card  in  the  reader  before  pushing  it  in  to 
read. 

The  timeout  feature  is  handled  in  a synchronized  loop 
that  runs  every  millisecond.  If  motion  is  detected  (/CLD  is 
low),  we  can  quit  the  loop  and  continue  reading  the  track. 
If  there  is  no  motion  or  the  card  is  extracted  during  the 
timeout  period,  we  exit  with  an  abort  code. 

Once  the  card  is  moving,  we  look  for  the  Start 
Sentinel  and  then  drop  into  a loop  that  moves  the 
characters  read  from  the  track  into  a buffer;  that  loop 
terminates  when  the  End  Sentinel  character  is  detected. 
Finally,  a good  read  causes  the  method  to  return  the 
address  of  the  track  buffer. 

Now  ...  look  at  this  method  again  and  think  about  it  in 
context  of  error  handling.  Note  that  after  calling 
find_start_sentinel,  we  don't  have  to  do  anything  special 
to  detect  a problem.  In  fact,  we  don't  do  anything  here  — 
this  is  the  beauty  of  using  abort.  The  same  holds  true 
when  calling  read_char;  it  will  not,  in  fact,  ever  return  a 
bad  character.  If  there  is  a problem  in  read_char,  we  will 
safely  escape  all  the  way  back  to  the  original  caller  using 
abort.  Again,  note  how  neat  and  tidy  this  method  is 
despite  all  the  error  handling  we've  built  into  the  process. 

SHOW  ME  YOUR  CARDS! 

Okay,  then.  Let's  put  it  to  work  in  a simple  demo 
program: 

pub  main  | check 

term. start (RXl,  TX1 , %0000,  115_200) 

iso2 . start (RDT) 

pause  ( 10 ) 
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term . tx (CLS ) 

term. str (string ( "IS02  Card  Reader", 

CR,  CR) ) 

repeat 

term. str (string ( "Waiting . . . " , CR) ) 

repeat  until  iso2 . card_inserted 
check  :=  \iso2 . read_card ( 1000 ) 

if  (check  =>  0) 
term. str (©Arrow) 
term. str (check) 
term. tx (CR) 
else 

term. str (©Arrow) 

term. str (iso2 . err str (check) ) 

term. tx (CR) 

repeat  while  iso2 . card_inserted 
term . tx (CR) 

After  starting  a serial  object  (for  terminal  output)  and 
the  card  reader,  we  drop  into  a loop  that  waits  for  the 
card  to  be  inserted  before  calling  the  read_card  method. 
Note  that  the  method  is  called  using  the  abort  trap  (\)  and 
a one  second  timeout,  and  that  we  are  expecting  a 
positive  value  in  check  when  all  is  well. 

When  we  have  a good  read,  the  contents  of  the  track 
buffer  are  printed.  Otherwise,  we  should  indicate  what 
went  wrong  with  the  read.  The  card  reader  object  has  a 
method  called  errstr  that  will  convert  the  known  error 
codes  into  a string  pointer  that  can  be  printed: 

pub  errstr (e) 

case  e 
N0_CARD : 

return  string ("No  card.") 

BAD_INSERT : 

return  string ("Bad  insertion.") 
BAD_SWIPE : 

return  string ("Bad  swipe.") 

BAD_PARITY : 

return  string (" Parity  error.") 
other : 

return  string ("?") 

With  everything  working,  I did  a bit  of  Googling  and 
found  algorithms  for  identifying  and  validating  credit 
cards.  The  latter  is  handled  with  a method  that  employs 


SPIN  ZONE 


the  Luhn  algorithm;  this  is  a means  of  checking  a series  of 
digits  to  determine  if  it's  a valid  credit  card  number.  Note 
that  it  will  only  tell  us  if  the  string  of  digits  could  be  a 
credit  card,  not  that  it  actually  is  one.  It's  not  secure,  and 
it's  not  meant  to  be  — it's  simply  a top-level  check. 

Figure  6 shows  the  (redacted)  output  from  the  fancy 
version  of  the  program.  You'll  forgive  me  for  not  wanting 
to  print  my  credit  card  numbers! 

While  testing  this  version  (included  in  the  article 
downloads),  I swiped  my  AAA  membership  card  and  it  is 
reported  as  a VISA.  Of  course,  it's  not,  and  if  there  is  a 
valid  VISA  card  with  those  same  digits  it  will  also  include  a 
security  code  which  helps  to  prevent  unauthorized 
purchases. 

So,  once  again,  we've  breathed  new  life  into  an 
inexpensive  piece  of  surplus  hardware  and  — I hope  — 
learned  how  we  can  use  abort  to  create  programs  with 
robust  error  handling. 

Until  next  time,  keep  spinning  and  winning  with  the 
Propeller!  NV 

■ FIGURE  6.  Reader  display. 
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■ WITH  O #\ 

RUSSELL  KINCAID  AlNSWERS 


In  this  column,  Russ  answers 
questions  about  all  aspects  of 
electronics,  including  computer 
hardware,  software,  circuits, 
electronic  theory,  troubleshooting, 
and  anything  else  of  interest 
to  the  hobbyist.  Feel  free  to 
participate  with  your  questions, 
comments,  or  suggestions.  Send  all 
questions  and  comments  to: 
Q&A@nutsvolts.com 


Be  sure  to  check  out  the  transistor 
modeling  tutorial  on  pages  22-23. 


TUNED  CIRCUIT  VALUES 

QCan  you  please  give  me  the 
values  I need  for  the  tank 
circuit  in  Figure  1 ? This 
is  in  conjunction  with  an 
NE602  or  SA612.  Pins  6 and  7 are 
internal  transistors  of  the  mixer.  The 
frequency  needs  to  be  in  between 
38  to  40  kHz.  I need  values  for 
C1-C4  and  LI,  plus  the  variable 
capacitor  which  adjusts  the 
frequency  between  38  to  40  kHz. 

— Craig  Sellen 

A I added  R1  to  give  a better 
waveform,  but  the  circuit 
works  without  it.  I arrived 
at  the  values  by  trial  and 
error,  using  SwitcherCad  from  Linear 
Technology.  Other  configurations 
could  be  used  but  this  one  resulted 
in  an  easily  obtained  variable 
capacitor.  I used  a 2N3904  transistor 
for  simulation. 


SOLAR  POWER  FOR 
MICROCONTROLLER 

Ql  want  to  power  my  digital 
clock  circuit  (which  has  a 
PIC1 6F877A)  from  a 
battery  that  is  charged  from 
a solar  array.  I have  been  using  a 1 2V 
SLA  battery  and  12V  solar  array.  The 
circuit  operates  from  a 1 2V  to  5V  DC 
supply  and  draws  800  to  1,200  mA. 
How  can  I do  that  circuit? 

— Selahattin  SADOGLU 


A: 

Is 


The  16F877A  operates 
from  four  volts  to  5.5  volts, 
so  you  could  use  four 
NiCad  cells  for  power.  The 
NiCad  cell  can  reach  1.4  volts  under 
charge,  so  a regulator  is  needed  to 
prevent  exceeding  the  voltage  rating 
of  the  micro.  The  solar  panel  needs 
to  supply  the  current  to  the  circuit 
plus  a charging  current.  As  an 
example,  the  Harbor  Freight  solar 
panel  number  96418  provides  1.2 
amps  in  bright  sun.  That  is  enough  to 
operate  the  circuit,  but  not  enough 
to  charge  the  battery.  So,  you  would 
need  two  panels  in  parallel.  If  the 
panels  track  the  sun,  it 
will  be  most  efficient;  if 
they  are  fixed,  you  can 
only  count  on  four  hours 
of  charging  time  and  only 
on  sunny  days.  Therefore, 
the  battery  should  have 
an  amp-hour  rating  of  50 
Ah  or  more.  In  order  to 
recover  50  Ah  in  four 
hours,  the  charge  rate 
needs  to  be  12.5  amps; 


that  means  10  panels  in  parallel. 

The  shunt  regulator  (Figure  2) 
sends  the  excess  current  to  the 
negative  terminal  of  the  solar  panel 
and  maintains  the  voltage  at  the 
cathode  at  six  volts.  The  diode 
prevents  the  battery  from  discharging 
through  the  regulator  and  maintains 
the  battery  voltage  at  approximately 
5.5  volts.  The  power  dissipation  is  75 
watts  when  the  battery  is  fully 
charged  in  bright  sun.  To  limit  the 
temperature  rise  to  100  degrees  C, 
the  heatsink  must  be  rated  100/75  = 

1 .33  degrees  C/watt.  The  Wakefield 
641 -A  heatsink  is  rated  at  0.9  degrees 
C/watt  when  cooled  with  a fan. 


■ FIGURE  2. 


TOUCH  SWITCH 

Q Years  ago  (and  maybe  still 
today),  you  could  purchase 
a lamp  with  a metal  base 
that  included  a touch/ 
dimmer  control.  Later,  I found  that 
you  could  purchase  these  three-wire 
modules  and  wire  them  in  your  own 
light  fixture  with  a metal  base  and 
have  the  touch/dimmer  control.  Well, 
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as  CFLs  became  popular  — and  now 
LEDs  — those  old  touch/dimmer 
modules  don't  work  so  well.  I cannot 
seem  to  find  a similar  module  that  is 
just  a touch  on/touch  off,  rather  than 
going  through  the  dimming  process. 

Is  anybody  familiar  with  these 
modules?  How  hard  would  it  be  to 
modify  it  just  to  switch  on  and  off? 
Or,  is  there  a circuit  handy  that  one 
can  build  (using  the  120V)  for  the 
lamp  to  power  it? 

— Terry  Arnall 

A I don't  know  how  these 

touch  controls  work,  but  a 
Google  search  turned  up 

TouchandGlow.com  which 
has  multiple  products  in  this  line 
including  plug-in,  wireless,  and 
do-it-yourself  modules.  Check  out 

www.touchandglow.com/ 

product-p/diy-l4.htm. 

REMOTE  TESTER 
PROBLEM 

Q Could  you  give  me  a clue 
here  to  my  remote  infrared 
checker  that  I built  years 
ago?  I don't  know  now 
who  published  the  schematic 


(Figure  3).  It  was  working  until  I 
replaced  the  battery,  and  then  it  quit. 

I replaced  the  2.5  mm  plug,  the 
infrared  detector,  and  the  red  LED. 
The  2.5  mm  socket  has  continuity  to 
the  detector  until  you  plug  it  in,  then 
it  bypasses  to  the  jumper  wire.  I just 
used  an  off-the-shelf  detector  and 
standard  LED  in  replacement.  I don't 
know  if  the  originals  were  special. 

— Hank  Redding 

A What  did  you  use  for  the 
infrared  sensor?  I suggest 
you  check  the  polarity  of 
the  LED,  sensor,  and 
battery.  If  you  monitor  the  voltage 
drop  across  the  sensor  while 
operating  a known  good  remote,  that 
will  tell  you  if  it  is  working.  Please  let 
me  know  what  you  find. 

Hank  has  since  reported  that  the 
LED  was  connected  in  reverse;  it 
works  now ; but  weakly  because  the 
detector  sensitivity  is  low.  NV 


Remember! 

Send  any  questions  and/or 
comments  to: 

Q&A@  nutsvolts  .com 


Need  a small  and 
cost-effective  device? 

Look  no  further. 


PoKeys 


• Smallest  and  worlds  most  flexible 


USB  HID  or  ETHERNET  I/O  Interface 


• Keyboard  and  joystick  simulator 
(USB) 

• 55  digital  I/O  (configurable) 

• LCD  and  LED  matrixes  driver 

• 6 PWM  outputs,  26  encoder  inputs 

• Support  up  to  10  I2C,  up  to  27-Wire 
sensors,  up  to  7 analog  sensors 

• Expandable  with  PoNET 

• Free  software  and  web  interface 
(ethernet) 


PoScopeMega1+ 


• Smallest  USB  2.0  portable  IMS/s 
oscilloscope 

• Data  acquisition  of  analog  and  digital 
signals 

• Data  recording 

. Export  to  CSV,  XLS,  PDF  and  HTML 

• Simple  usage  of  advaced  features 

• Examples  for  C++,  VB,  Delphi  and 
LabView 

• Free  software  and  updates 
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TRANSISTOR  MODELING 

As  a mini  tutorial,  I want  to  show  how  to  make  a 
bipolar  transistor  model  for  when  you  can't  find  a 
SPICE  model. The  hybrid  model  that  I'll  describe  is 


valid  only  under  the  conditions  given  here,  whereas 
the  SPICE  model  will  be  valid  under  all  conditions.  I 
chose  the  2N3904  because  there  is  a SPICE  model  for 
comparison  and  I have  the  datasheet. 

The  model  is  shown  in  Figure  A.  I chose  R4  and 
R5  (not  part  of  the  model)  to  give  a collector  current 
around  10  mA,  and  modeled  around  that  parameter. 

The  input 
impedance  is 
R2  and  is  called 
hje  on  the 
datasheet;  see 
Figure  B.  At  lc= 
10  mA,  hie  = 
.5K.The  voltage 
source,  VI,  is 
set  to  zero  volts 
because  its 
only  function  is 
to  measure  the 
base  current 
for  the  current- 
controlled 
source,  FI. 

You  will  find 
the  current- 
controlled 
source  in 


FIGURE  B. 
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PICK  AND  PLACE 
SYSTEM 


BACOM 


wiViv.abacQfifi  -tech  .com 


Bi-Directional  Level  Shifter 


8 Channel 
3.3V  to  5V 
I2C  Compatible 
Only  $4-95 


20%  Discount 
with  code  "NUTS' 


• 
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Visit  us  today  @ 
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■ FIGURE  C. 


SwitcherCad  designated  as  f;  you 
will  have  to  tell  it  (right-click  on  the 
symbol)  the  value  which  is  hfe  at 
10  mA,  and  the  voltage  source  that 
provides  the  reference  current. 

Take  a look  at  Figure  C.  I read  hfe 
to  be  180. The  output  admittance  is 
hoe  which  I read  to  be  70  pohm. 
The  inverse  is  a resistance  .0143 
megohms  = 14.3K.The  voltage 
controlled  source,  El,  models 
internal  feedback  in  the  transistor. 
The  effect  is  small,  so  you  can 


leave  it  out  if  you  don't 
have  the  data. The  value  is 
hre.  I assumed  the  feedback 
is  180  phase,  so  I swapped 
the  control  wires. That 
completes  the  model. 

I chose  a load  resistor, 
R6,  to  give  15  volts  drop  at 
10  mA  and  R7  = 150  ohms 
for  a gain  of  10. The  input 
is  one  volt  peak  and  the 
output  is  close  to  10  volts 
peak  (20  volts  peak  to 
peak). The  comparison 
circuit  (Figure  D)  using  the 
SPICE  model  stacks  up 
favorably  with  the  hybrid  model. 

If  you  don't  have  a datasheet 
but  you  have  the  transistor,  you 
can  calculate  and  measure  the 
parameters. 

For  input  impedance,  use: 
hie  = -026*hfe/le  where  le  = lb+lc  and 
hfe  = lc/lb.  For  output  impedance, 
set  the  collector  current  at  the 
desired  value,  then  vary  the 
collector  supply  voltage  and 
measure  the  collector  voltage  and 


current. The  change  in  collector 
voltage  (AV)  divided  by  the  change 
in  collector  current  (Alc)  is  the 
output  resistance.  I don't  know 
how  to  measure  hre  so  leave 
that  out. 


■ FIGURE  D. 


Superior  Quality  Soldering 


FX-951 

HIGH  PERFORMANCE 
SOLDERING  STATION 


FX-601 

TEMP-ADJUSTABLE 
SOLDERING  IRON 


LOW  COST,  DIGITAL 
SOLDERING  STATION 


" Digital  temperature  display 

* Superior  heat  transfer 

* Fast  thermal  recovery 

* 400".  840DF  {2Q0fl-  450"C) 

* Low  temperature  alarm 

* Sleep  mode  for  longer  tip  life 


• Electronic  “closed  loop"  control 

• 464MG04T  (240D-  54(TC) 

• Ceramic  heating  element 

• Lightweight  (2.4oz  w/o  cord) 

• Extra  long  3-plug,  6 ftcord 
■ UL/CSA  Approved 

For  complete  Information,  visit  HulL  US-ft  tom  /Nuts  Volts 


• Digital  display  (DF  or  *C) 

■ Adjustable  temperature 

• 120*-899,1F  {50®-  480‘C) 

• Idle  temp  within  1.8°F  (1”C) 

• Ergonomic,  handpiece 

• Ceramic  heater 


HAK  O 
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_ PRODUCTS 


■ HARDWARE 

■ SOFTWARE 

■ GADGETS 

■ TOOLS 


MICROSPLATCH 
ANTENNA  BREAKS 

CHIP  BARRIER 

The  MicroSplatch™  antenna  from 
Linx  Technologies  is  a new 
alternative  for  those  wishing  to  avoid 


AntennaFactor 

ANT-2. 4-pSP 

1 


high  costs,  long  lead  times,  or  limited 
frequency  choices  of  chip  antennas. 
The  MicroSplatch  antenna  represents 
a groundbreaking  advance  in  Linx' 
reflow-compatible  planar  antennas. 

Using  advanced  simulation  tools, 
Linx  designed  the  MicroSplatch  with 
performance  similar  to  the  standard 
Splatch  antenna,  but  this  new  version 
only  uses  one  third  of  the  critical 
board  space.  The  small  size  and  low 
cost  makes  the  MicroSplatch  an 
excellent  choice  for  handheld  devices 
such  as  remote  controls  and  small 
data  transmission  systems. 

Adding  the  MicroSplatch  to  a 
design  is  simple.  The  only  things 
needed  are  a footprint  for  the 
antenna  and  associated  proximity 
ground  plane.  The  MicroSplatch  is 
available  in  the  403  MHz,  418  MHz, 
433  MHz,  868  MHz,  916  MHz,  and 
2.4  GHz  bands.  Custom  designs 
within  the  400  MHz-3  GHz  range  are 
available. 

For  more  information,  contact: 

LinxTechnologies 

Web:  www.linxtechnologies.com 


NEXT-GENERATION 

TEMP/RH 

DATA 

LOGGERS 

Onset  has  announced  the  HOBO 
UX1 00  Series  — the  company's 
next-generation  family  of  data  loggers 
for  tracking  temperature  and  relative 
humidity  in  indoor  environments. 

Starting  at  just  $75,  HOBO 
UX100  Series  loggers  deliver  high 
accuracy,  large  measurement 
capacity,  and  more  LCD  display 
features  to  make  environmental  data 
collection  faster  and  easier. 

The  matchbox-sized  data  loggers 
quickly  and  easily  collect  indoor 
environmental  data  for  a broad  range 
of  applications.  This  includes 
monitoring  occupant  comfort  in 
office  buildings,  tracking  food  storage 
conditions  in  warehouses,  logging 
temperature  trends  in  server  rooms, 


and  measuring  humidity 
levels  in  museums. 

UX1 00  loggers  also 
feature  start  and  stop 
pushbuttons,  and  rare  earth 
magnet,  strap,  and 
command-strip  mounting 
options  enabling  faster 
deployment  and  greater 
mounting  flexibility  and 
reliability. 

Once  data  has  been  recorded 
with  the  data  loggers,  it  can  be 
viewed  in  graph  form  and  analyzed 
using  Onset's  HOBOware®  Pro 
software.  Time-saving  tools  allow 
users  to  batch-configure  and  read  out 
hundreds  of  loggers  in  a fraction  of 
the  time  it  would  take  with  previous 
generations.  Additionally,  the 
software  features  a Bulk  Export  tool 
that  allows  users  to  export  data  files 
to  text  format  for  use  in 
spreadsheets;  it  is  available  in  English, 
French,  Spanish,  Portuguese,  and 
German  languages. 

This  series  includes  five  models, 
including  temperature-only  loggers 
with  integrated  sensors  to 
temperature/RH  and  thermocouple 
loggers  with  external  probes.  Prices 
range  from  $75-$189. 

For  more  information,  contact: 

Onset 

Web:  www.onsetcomp.com 


BLUETOOTH 
MODULE  FOR 

STREAMING 

AUDIO 

Microchip  Technology,  Inc.,  has 
announced  the  expansion  of  its 
wireless  product  portfolio  with  a 


certified  Bluetooth®  audio  module 
that  supports  audio  for  voice  and 
music. 

The  RN52  module  provides 
extremely  low  power  consumption  in 
a small,  surface-mount  form  factor, 
and  includes  standard  Bluetooth 
audio  and  data  profiles  for  all 
smartphone  platforms.  These  features 
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TRANSPARENT 

PROTO- 
BOARDS 

Global  Specialties  has 
introduced  two  new 
and  unique  transparent 
Proto-Boards®  — models 
PB-242T  and  PB-326T. 

These  two  new 
transparent  models  have 
ABS  plastic  sockets  with 
phosphor-bronze  contacts 
that  are  mounted  on  metal  back  plates  for  added 
durability.  The  transparent  ABS  plastic  sockets  are  perfect 
for  educational  applications  because  they  allow  students 
and  designers  to  clearly  view  circuit  connections  from  the 
front  of  the  Proto-Board.  Each  of  these  new  models  offer 
plastic  feet,  color-coded  and  marked  contact  areas,  and 
four  binding  posts  (three  red  and  one  black). 

The  Proto-Boards  can  be  used  to  design  test  fixtures, 
perform  lab  experiments,  and  other  areas  of  custom 
electronic  design  applications.  The  new  transparent  model 
PB-242T  with  2390  tie  points  lists  for  $65;  the  PB-326T 
with  3,220  tie  points  lists  for  $89. 

MICROPROCESSOR 


• Altera  Cyclone®  III  FPGA. 

• Altera  Nios®  II  embedded  processor. 

• Software  CD  with  designing/implementing  tools. 

• A 137  page  lab  manual  by  university  professor, 

Enoch  Hwang,  PhD. 

• iPad  version  of  the  lab  manual  available  on  iTunes. 

• Eleven  hands-on  labs  correlated  to  any  textbook  for 
microprocessor  design  training. 

• Works  with  any  Windows  XP  or  higher  system 
(32-bit  only). 

• Rugged,  lightweight,  blow-molded  carrying  case. 

• Complete  kit  with  100  machined  pin  hookup  wires. 

• Sixteen  LEDs. 

•Three  seven-segment  displays. 

• Sixteen  slide  switches  and  three  pushbutton  switches. 

• Expandable  breadboard  allows  the  system  to  grow  as 
knowledge  increases. 

• Perform  experiments  using  standard  TTL  logic. 

• Four  each,  regulated  5V  power  (Vcc)  and  ground 
(GND)  points. 

• Eight  input/output  connection  sockets. 

• High  quality  machined  sockets  for  input  and  output 
interconnections. 

• The  DL-030  can  implement  all  of  the  experiments  and 
circuits  of  the  DL-010  and  DL-020  trainers  plus  more. 

For  more  information,  contact: 

Global  Specialties 

Web:  www.globalspecialties.com 


help  designers  add  high  quality 
wireless  audio  — combined  with  data 
capabilities  — in  a broad  range  of 
applications  such  as  wireless  stereo 
speakers,  headphones,  automotive 
hands-free,  medical  devices,  and 
computer  accessories. 

The  RN52's  embedded  Bluetooth 
stack  includes  the  popular  SPP, 

A2DP,  HFP/HSP,  and  AVRCP  profiles, 
along  with  the  iAP  for  use  with  an 


iPhone®  or  iPod®.  Additionally,  the 
RN52  supports  a variety  of  audio 
codecs  such  as  SBC,  aptX®,  AAC, 
and  MP3. 

A Bluetooth  audio  evaluation  kit 
is  available  for  $169.95. 


For  more  information,  contact: 

Microchip 

Web:  www.microchip.com 


Also  available  from  Global  Specialties  is  the  DL-030 
Microprocessor  Design  Trainer.  The  DL-030  utilizes 
an  FPGA  chip  allowing  a user  to  implement  a fully 
functioning  microcontroller  in  minutes.  The  DL-030  is  a 
complete  and  ruggedly  packed  trainer  that  will  provide  a 

solid  learning  platform 
for  individuals  and 
classroom  students. 

With  the  DL-030, 
you  can  create  and 
implement  your  first 
design  in  as  little  as  one 
hour.  Features  include: 


Microchip 


RN52 
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HARMONIC  OCTAVE 

GENERATOR/ 

POLYPHONIC 

SYNTHESIZER 

Electro-Harmonix  has  introduced 
their  new  H.O.G.2.  This  second 
generation  harmonic  octave 
generator/guitar  synthesizer  builds 
upon  the  legacy  of  their  critically 
acclaimed  H.O.G. 

The  H.O.G. 2 packs  all  the 
polyphonic  power  of  the  original 
unit,  but  based  on  feedback  from 
users  and  new  developments  in 
technology,  the  new  H.O.G. 2 offers 
a number  of  enhancements  and 
upgrades  that  include: 


• A new,  optional  foot 
controller  that  allows 
the  user  to  store  and 
load  up  to  100  presets. 

• Now  compatible  with 
the  industry  standard 
nine  volt  DC/200  mA 
center  negative  power 
supply. 


• Improved  algorithms  for  each 
synthesized  voice  and  for  freeze 
capture. 

• Full  MIDI  control. 

• Presets  can  be  loaded  and  stored 
via  MIDI. 


allows  users  to  recall  up  to  100 
presets  in  the  H.O.G. 2 main  unit. 
Presets  0 through  1 1 are  factory 
presets  specially  designed  to  give  the 
user  a wide  array  of  sounds  available 
from  the  H.O.G.2. 

The  H.O.G. 2 carries  a list  price 
of  $635.  The  H.O.G.  foot  controller 
is  priced  at  $181 . 


The  polyphonic 
H.O.G.2  still  offers 


glitch-free  tracking  and 
complete  control  of  up  to  1 0 interval 
pitches  without  the  need  for  special 
pickups.  It  provides  a freeze  mode 
with  glissando,  independent  attack 
and  decay  controls,  and  dedicated 
resonant  filtering  with  a sweepable 
frequency  control.  An  Expression 
mode  permits  ±1  octave  bends,  one 
step  pitch  bends,  plus  control  over 
freeze  + gliss,  freeze  + volume,  wah 
wah,  and  filter  frequency. 

As  mentioned,  a new  H.O.G.2 
foot  controller  is  also  available.  It 


For  more  information,  contact: 

Electro-Harmonix 

Web:  www.ehx.com 


NEW  BOARD  FOR 

TIMSP430F51 72 

SchmartBoard  has  expanded  its  product  offering  with  a new 
development  board  to  support  users  of  Texas  Instruments 
microcontrollers.  These  boards  use  their  "EZ"  soldering  technology 
to  assure  fast,  easy,  and  flawless  soldering. 

The  MSP430F51x2  series  are  microcontroller  configurations  with 
two  16-bit  high  resolution  timers,  universal  serial  communication 
interfaces  (USCI_A0  and  USCI_B0),  a 32-bit  hardware  multiplier,  a 
high  performance  10-bit  analog-to-digital  (A/D)  converter,  on-chip 
comparator,  three-channel  DMA,  5V  tolerant  I/Os,  and  up  to  29 
I/O  pins.  The  MSP430F51x1  series  are  microcontroller  configurations 
with  two  16-bit  high  resolution  timers,  universal  serial  communication 
interfaces  (USCI_A0  and  USCI_B0),  a 32-bit  hardware  multiplier, 
on-chip  comparator,  three-channel  DMA,  5V  tolerant  I/Os,  and  up 
to  29  I/O  pins. 

Typical  applications  for  these  devices  include  analog  and  digital 
sensor  systems,  LED  lighting,  digital  power  supply,  motor  control, 
remote  controls,  thermostats,  digital  timers,  handheld  meters,  etc. 

The  board  is  priced  at  $35. 


For  more  information,  contact: 

SchmartBoard 

Web:  www.schmartboard.com 
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CHANNEL  MOUNT 
SERVO  POWER 

GEARBOXES 

The  first  in  a new  line  of  gearbox 
products  to  be  released  by 
ServoCity  this  year  are  the  new 
channel  mount  servo  power 
gearboxes.  By  incorporating  threaded 
side  mounts,  users  can  easily  attach 
these  servo  gearboxes  to  numerous 
ServoCity  products,  making  it  easier 
to  incorporate  a servo  power 
gearbox  into  a custom  pan  & tilt, 
mechanical  device,  or  robotic 
structure. 


Full  metal  gears  (32  pitch) 
provide  strength  and  durability.  By 
utilizing  digital  servo  technology,  the 
user  is  able  to  tailor  the  gearbox  to  fit 
various  performance  parameters.  The 
.770"  pattern  on  the  output  hub  gives 
nearly  unlimited  attachment 
possibilities.  You  can  select  from  90°, 
180°,  360°,  or  continuous  rotation. 

90°  ALUMINUM 

TUBE  CLAMPS 

Also  from  ServoCity  are  new  tube 
clamps  for  attaching  two  pieces 
of  shafting  or  tubing  at  a 90°  angle. 
Constructed  from  6061 -T6 
aluminum  for  superior  strength,  the 
clamps  don't  easily  flex  or  bow. 

The  5/8"  bore  90°  tube  clamp 
is  perfect  for  builds  that  require 
smaller  tubing  in  tight  spaces.  The 
5/8"  bore  version  comes  with  two 
6-32  x 3/8"  socket  head  screws. 

The  larger  90°  tube  clamp  with  a 1" 
bore  is  designed  for  bigger  projects 
that  require  1"  tubing  or  shafting. 
The  1"  bore  clamp  also  has  two 
additional  6-32  thru  holes  at  the 


bend  that 
provide  an 
additional 
mounting  point 
to  other 
components. 

The  larger  tube 
clamp  includes 
two  6-32  x 1 /2" 
socket  head 
screws. 

The  5/8"  bore  tube  clamp  is 
$7.99;  the  1"  bore  tube  clamp  is 
$8.99. 


For  more  information,  contact: 

ServoCity 

Web:  www.servocity.com 


SOLAR  PANEL  AND 
CONTROLLER  KIT 
FOR  DORMANT 

BATTERIES 

Goal  Zero  is  now  offering  their 
Guardian  charge  controller  kit  to 
protect  and  extend  RV,  ATV,  boat, 
and  other  seasonal  12V  vehicle 
battery  life  during  the  offseason.  The 
Guardian  charge  controller  passes  a 
charge  from  the  accompanying  Goal 
Zero  solar  panel  to  ensure  the 
battery  is  not  over-  or  under-charged, 
and  is  ready  to  go  on  the  first  day  it's 
put  back  in  use. 

The  Guardian  kit  is  plug  and 
play;  the  Nomad  13  or  Boulder  15 
solar  panel  simply  plugs  into  one  of 
the  Guardian  charge  controller's  two 
inputs.  The  included  alligator  clips 
plug  into  the  Guardian's  output  port 
and  then  attach  to  the  corresponding 


red  and  black  terminals  on  the 
battery. 

The  charge  controller 
automatically  turns  off  and  on 
to  maintain  the  battery  at  the 
optimum  level.  The  Guardian 
also  tapers  the  voltage 
according  to  the  battery's 
condition  and  recharging  needs 
to  ensure  a healthy  battery 
pack  and  prevent  over- 
charging. Guardian  owners  can 
daisychain  multiple  solar  panels 
together  for  a faster  charge. 

The  Guardian  charge  controller 
kit  is  available  for  $249.99  with  the 
foldable  Nomad  13  solar  panel,  or 
for  $209.99  with  the  Boulder  15 
solar  panel. 


For  more  information,  contact: 

Goal  Zero 

Web:  www.goalzero.com 
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FLASH  DRIVE  SIZED 
RF  SIGNAL 

GENERATOR 

Saelig  Company,  Inc.  announces 
the  availability  of  the  TEG4000-1 
— a laboratory  quality,  synthesized 
200  to  4,000  MHz  RF  signal  source. 
The  TEG4000-1  is  the  smallest  USB 
microwave  synthesized  source 
available  and  is  priced  significantly 
below  other  competitive  bench-top 
offerings.  This  handy  RF  source  can 
be  swept  in  step  sizes  as  low  as 
1 kHz  between  any  two  frequencies 
in  its  specified  range. 

The  TEG4000-1  offers  +1  dBm 
output  from  its  SMA  connector,  and 
is  controlled  and  set  via  the  supplied 
PC  software.  Its  easy-to-use  graphical 
interface  offers  both  numeric  entry  or 
slider  controls.  A significant  feature  of 


the  device  is  that  it  can  be  preset  to 
output  a specific  frequency  when 
PC-connected.  In  the  field,  it  then 
becomes  a high  quality  preset 
frequency  source  when  5V  is  applied 
to  its  USB  connector,  without 
needing  a PC  connection. 

The  TEG4000-1  contains  a stable, 
high  quality  internal  2 ppm  10  MHz 
crystal  reference  with  -100  dBc/Hz 
phase  noise  at  100  kHz  offset.  Power 
consumption  is  150  mA  at  5V.  The 
unit  also  contains  0.5  GB  of  Flash 
memory  used  for  installation  files, 
test  data,  and  other  supporting 
documentation.  Drivers,  utilities,  and 
documentation  are  stored  on  the 
signal  source  itself.  The  API  drivers 
provided  are  compatible  with,  C++, 
C#,  VB.NET,  Agilent  VEE,  LabVIEW, 
and  other  development  tools 

Housed  in  a tiny  case  the  size  of 
a typical  Flash  drive,  the  TEG4000-1 


weighs  1 oz  and  can  be  carried  in  a 
pocket  or  briefcase. 


For  more  information,  contact: 

Saelig 

Web:  www.saelig.com 


The  Convenient  All-in-One  Solution 

for  Custom-Designed  Front  Panels  & Enclosures 


You  design  it  We  machine  it 

to  your  specifications  using  and  ship  to  you  a 

our  FREE  CAD  software,  professionally  finished  product, 

Front  Panel  Designer  no  minimum  quantity  required 

• Cost  effective  prototypes  and  production 
runs  with  no  setup  charges 

• Powder-coated  and  anodized  finishes  in 
various  colors 

• Select  from  aluminum,  acrylic  or  provide 
your  own  material 

• Standard  lead  time  in  5 days  or  express 
manufacturing  in  3 or  1 days 

mmnmm 

mm# i 

FrontPanelExpress.com 
1 (800)FPE-9060 


AP  CIRCUITS 

PCB  Fabrication  Since  1984 


Two  Boards 
Two  Layers 
Two  Masks 
One  Legend 


Unmasked  boards  ship  next  day! 


www.apcircuits.com 


VISA 


JgtfM 1 


IPC  to 
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PROGRAMMABLE 
DUAL  RANGE  DC 

POWER 

SUPPLIES 

B&K  Precision  has  announced  its 
new  91  70/91 80  series  of 
programmable  dual  range  power 
supplies.  These  nine  models  provide 
clean  and  precise  power  up  to  210W 
in  various  configurations  of  voltage 
as  high  as  600V  and  current  as  high 
as  20A.  Each  model  offers  two 
ranges  of  voltage  and  current  output, 
along  with  modular  interface  slots  for 
remote  interface  configurability. 

Arriving  in  rack-mountable  single 
and  dual  output  model 
configurations,  these  DC  power 
supplies  are  suitable  for  bench  and 
ATE  applications  in  design 
engineering  labs  and  electronics 
manufacturing. 

Models  in  the  91  70/91  80  series 
feature  line  and  load  regulation  less 
than  0.01%  + 1 mV,  0.01%  + 250 
pA,  ripple  and  noise  less  than  0.35 
mVrms,  a full  numerical  keypad  with 
vertical  and  horizontal  cursors  for 
direct  entry  of  voltage  and  current 
values,  front  and  rear  panel  output 
terminals,  remote  sense  terminals, 
and  a standard  SCPI  compliant  USB 
interface  for  remote  control. 

Unique  to  the  91  70/91  80  series 
is  its  modular  interface  design  and 
special  LED  test  modes.  Users  have 
the  option  to  choose  from  up  to  four 
different  types  of  interface  cards 
which  include:  LAN  and  GPIB,  digital 
I/O  and  analog  control,  RS-485,  or 
RS-232.  These  cards  can  be  installed 
at  any  time  when  needed  into  either 
of  the  two  modular  interface  card 
slots  on  the  power  supply's  rear 
panel.  LED  test  modes  can  be  used 
to  minimize  inrush  current  for  safe 
testing  of  LEDs. 

Other  features  include 
programmable  voltage  and  current 
slew  rates,  list  mode  for  executing 
programmed  test  sequences,  and 
ability  to  store  and  recall  up  to  10 
different  power  settings.  Models  with 
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the  optional  LAN/GPIB  interface  card 
installed  provide  a built-in  web  server 
interface  for  remote  control  via  a 
Java-enabled  web  browser.  Both 
application  software  and  LabVIEW 


drivers  are  available  for  users  to 
download  from  B&K  Precision's 
website. 

Continued  on  page  73 


EARN  MORE  MONEY 
Get  your  dream  job! 

Be  an  FCC  Licensed 
Radio  Technician! 

Make  up  to  $100,000  a year  and 
more  with  NO  college  degree 


Get  your  "FCC  Commercial  Radio  License"  with 
our  proven  Home-Study  Course!  r- — 

• No  costly  school.  No  classes  to  attend.  , 

• Learn  at  home.  Low  cost!  I 

• No  experience  needed! 

• MONEY  BACK  GUARANTEE:  You  get  your  L 
FCC  License  or  money  will  be  refunded! 


Turn  your  interest  in  electronics  into  a high  paying  career  in 
Communications,  Radio,  Television,  Avionics,  Marine,  Radar, 
Safety,  Municipal  and  more...  even  start  your  own  business! 

Call  now  for  FREE  info:  800-932-4268 

nyf  1 QQ 

Or,  email  us:  info@LicenseTraining.com 

www.LicenseTraining.com 

COMMAND  PRODUCTIONS,  Warren  Weagant's  FCC  License  Training 

Industrial  Center,  480  Gate  Five  Rd„  PO  Box  3000,  Sausalito,  CA  94966-3000 
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Compete  at  RoboGames! 

Last  year,  over  1 000  builders  from  around  the  world  brought  over  800 
robots  to  San  Francisco,  in  the  4th  annual  international  event.  This  year, 
we  expect  even  more  robots  and  engineers  to  compete.  Be  one!  With  80 
different  events,  there’s  a competition  for  everyone  - combat,  androids, 
sumo,  soccer,  Lego,  art,  micromouse,  BEAM,  or  Tetsujin!  More  than  half 
the  events  are  autonomous.  Even  if  you  just  come  to  watch,  you’ll  be 
overwhelmed  with  the  diversity. 


/ SN 

World’s  Largest  Robot  Competition 
-Guinness  Book  of  Records 

North  America’s  Top  Ten  Geek  Fests 
-Wired  Magazine 

SportCenter’s  Top  Ten 
-ESPN  SportsCenter 

“If  you  are  a robot  enthusiast,  I would 
definitely  encourage  you  to  attend  the 
RoboGames...  Take  a plane,  train, 
space  elevator,  but  definitely  go!” 
-Servo  Magazine 

“Impossible  to  Imagine, 

Impossible  to  Forget!” 

^ Robot  Magazine 

Events: 


Last  year,  RoboGames  hosted  teams  with  over  800  robots  from  Argentina, 
Australia,  Austria,  Brazil,  Canada,  China,  Colombia,  Czech  Republic, 
Denmark,  Germany,  India,  Indonesia,  Iran,  Japan,  Korea,  Mexico,  Nether- 
lands, Peru,  Singapore,  Slovenia,  Sweden,  Taiwan,  UK,  and  the  USA. 

Be  a RoboGames  Sponsor! 

RoboGames  is  the  world’s  largest  open  robot  competition  - letting  people 
of  any  age,  gender,  nationality,  or  affiliation  compete.  Sponsoring  Robo- 
Games not  only  helps  more  people  to  compete,  but  also  gets  your 
company  unrivaled  press  coverage  and  visibility.  The  event  has  been 
covered  by  CNN,  ESPN,  Fox,  CBS,  ABC,  NBC  (live),  EBS  Korea,  NHK 
Japan,  BBC,  and  countless  print  and  web  companies.  Your  logo  can  be 
everywhere  the  cameras  turn! 

Rent  a Booth! 

Booth  spaces  are  at  the  front  of  the  venue,  ensuring  lots  of  traffic.  With 
3000-5000  people  each  day,  you’re  company  will  get  amazing  traffic! 


Combat:  340  lbs,  220, 120, 60, 30, 3,  & 1 lbs 

Androids:  Wrestling,  Demonstration,  Stair  Climbing,  The  Eagle, 
Door  Opening,  The  Toss,  BasketBall,  Lift  and  Carry,  Marathon, 
Obstacle  Run,  Penalty  Kick,  Dash,  3:3  Soccer,  Weight  Lifting 

Open  Events:  Fire-Fighting,  Robomagellan,  Maze/MicroMouse, 
Walker  Challenge,  Biped  Race,  Robot  Triathlon,  Line  Slalom, 
Ribbon  Climber,  Vex  Open,  Lego  Challenge,  Lego  Open,  Aibo 
Performer,  Balancer  Race,  Best  of  Show,  Bot  Hockey 

Sumo:  3kg  - Auto  & R/C,  500g , lOOg , 25g,  Humanoid 
Robot  Soccer:Biped  3:3  & 5:5 , Mirosot  5:5 

Junior  League:  Lego  Challenge,  Lego  Open,  Lego  Magellan, 
Woots  & Snarks,  Handy  Board  Ball,  BotsketBall,  500  g Sumo, 
120  lb  combat,  Best  of  Show,  Vex  Open 

Tetsujin  (ExoSkeleton):  Lifting,  Walking,  Carrying 
Art  Bots:  Static,  Kinetic,  Bartending,  Musical,  Drawing 
BEAM:  Speeder,  Photovore,  RoboSapien  Hacker 


April  19-21,2013 
San  Mateo,  CA 

http://RoboGames.Net 
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384  W.  Caribbean  Dr. 
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USB 

Tutor 

Module 


Wfofce  your  firet  steps  into  the 
PG-USB  world!  Using  this  luliir 
module,  I uu ruing  Iidvj  Ip  rriiistur 
USB  common itol  ion  with  llm 
outsidn  world  bEcamss  simple! 


$ NKC  electronics 


ou«n  Oscilloscopes 

tTja'fc'  ttv?  r.  $fK£e(ectronics.  com/owon 


1 00  MHz  2-Channel 
1 GSa/s  Sample  Rate 
1 OM  Record  Length 


8"  800x600  TFT  Display 
USB  - VGA  - LAN 


20  MHz  2-Channel 
1 00  MSa/s  Sample  Rate 
Handheld  with  Battery 
3.7"  640x480  TFT  Display 


25  MHz  2-Channel 


1 00  MSa/s  Sample  Rate 
8"  640x480  TFT  Display 
USB  Interface 


ROBOT  Extreme  Motor 
POWER,.  Speed  Control! 

MegaMoto  - Motor  Control  for  Arduino™ 


♦ 6V-28V  - 1 3A  / 30  A peak 

♦ Single  H-bridge  or  dual  half 

♦ Current  and  Temp  protected 

♦ Jumper  select  Enable  and 
PWM  pins 

♦ Up  to  three  units  stack  on  one 
Uno/Duemilanove 


Dalf-  $250  ♦ Closed-loop  control  of  two  axes 

♦ Windows  GUI  for  all  features 

♦ Full  PID  position/velocity  loop 

♦ Trapezoidal  path  generator 

♦ Giant  Servo  Mode! 

♦ www.embeddedelectronics.net 
» Also  H-bridges,  gearmotors,  plans,  schematics  « 

www.  robotpower.  com 

Phone:  253-843-2504  ♦ sales@robotpower.com 


Battery  rebuilding  service 
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Midi  Ski! 
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Panasonic 
PAD  Du Wiii: 
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2-35  Volts 


Dead  Batteries  ? Don't  loss  them. 
Send  them  to  us  - our  rebuilds  are 
better  than  original  specifications. 

Radios 


Electronics 
Bar  Code 
Scanners 
Surveying 
Printers 
Laptops 
Photography 
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KENWOOD 
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MIDLAND 
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Visit  www.primecet I xom  for  Important  detail! 
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From  the 


Smiley’s  Workshop 


Learn  C Programming 


C Prog  ramming  for 
Mcrocoitrollers  S44.95 
Projects  Kil  SSI  .49 
Book+KB  Combo  S99.95 


Learn  USB  to  USART  Serial  Port 


■»  r 


Virtual  Serial  Port 
Cookbook  S44.95 
Projects  Kit  $69.99 
Book+Kit  Combo 
$115.99 


Order  online  @ nutsvotts.com 


Call  1-800-7834624 


tn  the  Nuts  & Volts  Webstore  NOW! 
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NV  BOOK  SPECIAL 


Programming 
the  Raspberry  Pi 
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For  more  specials  and  subscriber 
discounts  please  visit: 
http:  / /store.n  uts  volts,  com 
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Discuss  this  article  in  the  Nuts  & Volts  forums  at 

http://forum.nutsvolts.com. 


By  Ron  Newton 


In  1 990,  my  wife  and  I had  the  great 
opportunity  to  visit  and  live  in  Russia.  We 
stayed  with  a family  in  Kiev  located  in  the 
Ukraine.The  Chernobyl  disaster  had 
occurred  four  years  earlier  and  they  were 
still  washing  down  the  streets  daily.  In  those 
days,  it  was  illegal  in  Russia  for  the  people  to 
possess  a Geiger  counter,  so  they  had  to  rely 
on  local  authorities. 


^pedor,  our  host  (also  a Russian 
physicist,)  was  most  concerned 
about  his  grandchildren  and  the 
effects  of  the  radiation.  Rumors  were 
still  flying  after  four  years,  and  no  one 
really  knew  the  facts.  Milk  and 
produce  were  their  main  concern.  He 
asked  me  if  I could  provide  him  with 
a Geiger  counter.  When  I returned  to 
the  states,  I decided  to  put  one 
together  and  sent  it  to  him.  The 
radiation  levels  he  found  were  of 
concern,  especially  in  tree  fruit. 


I recently  re-examined  my  schematic  of  this  unit.  I 
added  a microprocessor  for  control  and  a new  display.  I 
recommend  an  LND  712  Geiger  tube  which  appears  to 
be  the  gold  standard  of  portable  counters.  It  is  capable  of 
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measuring  alpha,  beta,  and  gamma  particles. 

If  you  don't  want  to  spend  a lot  of  money  on  a Geiger 
tube,  you  can  find  some  on  eBay  for  under  $5.  (Keep  in 
mind  that  you  may  need  to  adjust  the  high  voltage  for  the 
tube.  This  is  discussed  further  in  the  sidebar  on  Hints  and 
Tips  on  page  38.) 

This  device  would  be  a great  project  for  high  school 
and  university  students.  It  is  simple  to  assemble  and 
teaches  a number  of  techniques. 

The  unit  detects  and  displays  levels  of  radiation, 
and  can  detect  and  display  dosage  levels  as  low  as  one 
micro-roentgen/hr  to  many  micro-roentgens/hr.  It  can  also 
detect  radon  (which  emits  alpha  particles). 

This  unit  has  an  advantage  over  other  devices  because 
it  has  an  output  for  recording  months  of  data  — showing 
trends  of  radiation  with  a data  logger. 


www.nutsvolts.com/index.php7/magazine/article/march2013_Newton 


Electronics 

The  brain  of  the  counter  is  a PIC1 6F91 6 
microprocessor.  You  will  need  to  program  it.  (The 
chip  included  in  the  available  kit  is  preprogrammed.) 

Geiger  tubes  require  high  voltages  — often  over 
500  volts.  However,  they  pull  a very  small  amount  of 
current  in  micro-amps.  The  high  voltage  is  generated  by 
Q1  and  Q2  and  the  choke.  Q3  reduces  the  amount  of 
power  the  unit  uses,  thus  increasing  battery  life.  A 
combination  of  high  voltage  capacitors  and  diodes 
increase  the  voltage  as  they  are  in  a voltage  tripler 
configuration. 

A zener  diode  controls  the  voltage  to  the  tripler  via 
feedback  to  Q1 . I used  a 270  volt  surface-mount  zener. 
In  theory,  if  tripled  it  should  produce  810  volts;  in 
practice,  it  produces  600.  Keep  in  mind  that  the  circuit 
generates  very  little  current.  Therefore,  trying  to  measure 
it  with  a standard  DVM  will  load  down  the  voltage 
reading.  Touching  any  part  of  the  high  voltage  circuit  will 
give  a startling  effect. 


The  output  from  the  tube  (note  it  comes  from  the 
case  of  the  tube)  is  converted  to  a suitable  voltage  using 
Q4  as  an  NPN  transistor  to  the  microprocessor.  The 
micro  has  a built-in  timer  and  is  capable  of  counting 
seconds,  minutes,  hours,  and  days.  A momentary  switch 
programs  the  time  for  collection  which  is  displayed  on 
the  LCD. 

The  number  of  counts  per  minute  are  converted  by 
the  digital-to-analog  converter  (DAC);  this  voltage  is 
available  via  the  RCA  jack. 

The  unit  is  housed  in  a Serpac  case  with  a nine  volt 
battery  insert. 
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Building 
the  Unit 


The  board  files  from 
ExpressPCB.com  are  located  at  the 
article  link,  along  with  assembly  files 
for  the  microprocessor.  The 
microprocessor  can  be  programmed 
on  the  board  using  a PICkit  2 
programmer. 

Solder  IC1  and  IC2  to  the  top  of 
the  board  noting  pin  1 has  the  square 
pad;  see  Figure  1.  D5  is  the  surface- 
mount  zener  and  has  an  indented  line 
across  one  end.  This  is  the  cathode. 

Solder  D5  to  its  pads.  You  will  see 
another  set  of  pads  to  the  left  of  D5  with  a trace  across 
shorting  the  pads;  refer  to  Figure  2.  Do  NOT  solder  D5  to 
these  pads;  they  are  for  an  extra  zener  if  you're  using  a 
Geiger  tube  other  than  an  LND  71 2.  Solder  the  remaining 


diodes,  noting  their  polarity.  Solder  IC3,  paying  attention 
to  its  flat  side  so  it's  pointing  to  the  switch.  Solder  in  the 
transistors.  Solder  C4,  C5,  C8,  and  C6,  noting  polarity  and 
all  the  resistors.  Solder  the  two  switches  and  the  LCD. 


PARTS  LIST 


ITEM 

DESCRIPTION 

PART  # 

QTY 

COST 

TOTAL 

SOURCE 

BH 

Heavy  duty  9V  snap 

connector 

234K-ND 

1 

$0.55 

$0.55 

Digi-Key 

Box 

4.38  x 3.25  x 2.00 

9V  black 

SR232-CB-ND 

1 

$7.02 

$7.02 

Digi-Key 

C1-C2-C3 

.02  pf  1,000  volt 

594-S203M75Z5UN63J0R 

3 

$0.24 

$0.72 

Mouser 

C4-C5 

.1  pF 

0-FK18X7R1 E104K 

2 

$0.08 

$0.16 

Mouser 

C6 

10  pf 

581-TAP106K010SCS 

1 

$0.52 

$0.52 

Mouser 

C7 

100  pF  16  volt 

140-REA101  M1CBK0611  P 

1 

$0.09 

$0.09 

Mouser 

C8 

100  pF 

594-D101 G29C0GH63J5R 

1 

$0.19 

$0.19 

Mouser 

D1-D2- 

D3-D4 

1N4007 

512-1 N4007 

4 

$0.14 

$0.56 

Mouser 

D5 

Zener 

78-BZG03C270 

1 

$0.20 

$0.20 

Mouser 

IC1 

PIC16F916 

PIC16F916-I/SP-ND 

1 

$3.84 

$3.84 

Digi-Key 

IC2 

DAC  12-bit 

MCP4921-E/P-ND 

1 

$2.36 

$2.36 

Digi-Key 

IC3 

Five  volt  voltage  regulator  497-2952-5-ND 

1 

$0.10 

$0.10 

Digi-Key 

J1 

RCA  phone  jack 

CP-141 2-ND 

1 

$1.52 

$1.52 

Digi-Key 

LI 

10  mH  (millihenry) 

963-LHL08NB103J 

1 

$0.26 

$0.26 

Mouser 

Optol 

LCD  display 

790-EADOGM162LA 

1 

$11.41 

$11.41 

Mouser 

Q1 

2N4403 

610-2N4403 

1 

$0.28 

$0.28 

Mouser 

Q2 

MPSA42 

2-MPSA42 

1 

$0.28 

$0.28 

Mouser 

Q3 

MPSA18 

863-MPSA18RLRAG 

1 

$0.35 

$0.35 

Mouser 

Q4 

2N4401 

610-2N4401 

1 

$0.28 

$0.28 

Mouser 

R1-R2 

IK 

1.0KEBK-ND 

2 

$0.10 

$0.20 

Digi-Key 

R1-R2-R3 

10K  1/6W 

10KEBK-ND 

3 

$0.18 

$0.54 

Digi-Key 

R4 

100K 

100KEBK-ND 

1 

$0.10 

$0.10 

Digi-Key 

R5 

1 50K 

1 50KEBK-ND 

1 

$0.10 

$0.10 

Digi-Key 

R6-R7 

1 megohm 

1.0MEBK-ND 

2 

$0.10 

$0.20 

Digi-Key 

R8-R9 

10  megohms 

10MEBK-ND 

2 

$0.10 

$0.20 

Digi-Key 

SI 

Switch  push  DPST 

0.1  A 32V 

401-1132-ND 

1 

$1.45 

$1.45 

Digi-Key 

S2 

Switch  tactile 

SPST-NO  0.02A  15V 

EG1866-ND 

1 

$0.19 

$0.19 

Digi-Key 

Speaker 

433-1079-ND 

1 

$1.81 

$1.81 

Digi-Key 

HARDWARE 

Standoff 

3/8  6-32 

885K-ND 

2 

Digi-Key 

Screw 

6-32  1 " 

2 

LND712 

Geiger  tube 

1 

Prices  are  subject  to  change  without  notice. 
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Now,  turn  the  board  over  and  place  Cl,  C2, 
and  C3  on  the  bottom  side  and  solder.  C7  also 
goes  on  the  bottom  side.  Lift  it  off  the  board 
about  2-3  mms  so  you  can  solder  LI . Note  its 
polarity  and  solder;  refer  to  Figure  3. 

Place  LI  on  the  top  of  the  board  and  solder. 

■ FIGURE  3. 


A complete  kit  to  go  with  this  article  can  be 
purchased  online  from  the  Nuts  & Volts 
Webstore  atwww.nutsvolts.com 
or  call  our  order  desk  at  800-783-4624. 


Chassis 


Using  the  four  screws,  attach  the  top  and  the  bottom 
of  the  chassis  together.  The  screws  will  self  tap  and  it  will 
make  it  easier  for  final  assembly;  secure  the  box  for 
drilling. 

Go  to  the  article  link  and  download  the  template. 
When  you  cut  out  the  template,  glue  it  to  the  top  and 
sides  of  the  box.  The  battery  box  should  be  on 
the  top.  Drill  the  holes  as  marked  and  deburr 
them  as  necessary.  Hot  water  will  remove  the 
templates. 

Place  the  nine  volt  battery  snap  inside  the 
chassis  (facing  the  bottom),  and  run  it  through 
the  slot  on  the  right  side.  Run  the  battery  wires 
through  the  strain  hole  of  the  board  and  solder 
the  red  wire  to  the  + and  the  black  wire  to 
the  -.  Solder  the  wires;  refer  to  Figure  4. 

Using  two  3/8"  standoffs,  mount  the  board 
to  the  top  chassis  using  1/2"  6-32  screws.  The 
holes  in  the  board  will  self  thread. 

The  end  window  of  the  LND  71 2 is  very 
thin  and  fragile,  and  is  easy  to  poke  a hole  into. 

(I  speak  from  experience.)  Strip  a 4"  piece  of 
#30  blue  wire  wrap  on  the  short  wire  coming 
from  the  side  of  the  tube. 

Solder  a 4"  #30  wire  wrap  red  wire  to  the 
end  clip  of  the  Geiger  tube.  Place  a piece  of 
insulated  tubing  over  the  end  clip  to  prevent 
shock.  Coil  both  the  wires. 

Mount  the  Geiger  tube  next  to  its  hole 
using  a hot  glue  gun.  Looking  at  the  bottom  of 
the  board,  solder  the  red  wire  to  the  HV+  pad 
and  the  blue  wire  to  the  IN  pad. 

Wire  wrap  a 4"  red  wire  to  the  + post  of 
the  speaker  and  a 4"  blue  wire  to  the  other 
post.  Coil  the  wires.  Glue  the  speaker  to  the 
side  of  the  box  with  hot  glue.  Solder  the  blue 
wire  to  the  round  pad  and  the  red  wire  to  the 


■ FIGURE  4. 


square  pad  on  the  ones  marked  SPK. 

Place  the  RCA  jack  into  its  hole.  Solder  4"  of  red  and 
blue  wires  to  the  RCA  jack.  Red  goes  to  the  center  pin. 
Solder  the  red  wire  to  the  square  pad  (pin  8,  IC2)  and  the 
blue  wire  to  the  round  pad  (pin  7,  IC2).  Coil  the  wires 
using  a 1/8"  diameter  screw  driver  or  1/8"  drill,  and  coil 
the  wires  for  easy  storage. 

Secure  the  box  with  the  four  screws. 
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Testing  the  Unit 

Snap  a nine  volt  battery  into  the  battery  clip.  Push  the 
on-off  switch.  The  display  should  show  a readout  in  CPM 
(counts  per  minute)  which  is  the  default.  As  radiation  is 
detected,  a click  will  be  heard  and  the  counter  will 
increase.  Pushing  the  mode  button  will  advance  the 
display  from  rems  (the  unit  of  radiation  dosage  — such  as 
from  X-rays  — applied  to  humans)  per  minute,  hours,  and 
days.  If  the  mode  button  is  held  down  for  more 
than  five  seconds,  it  will  reset  all  the  counters 
and  registers. 

If  in  micro-rems  per  minute,  the  unit  will 
count  60  seconds  and  then  latch  the  counter 
showing  the  count  for  that  particular  minute.  The 
unit  will  still  be  counting  — as  demonstrated  by 
the  click  and  the  flashing  of  a t on  the  display  — 
but  it  will  not  display  a running  count  until  the 
next  minute.  A countdown  in  seconds  will  be 
shown  until  the  results  toggle.  The  same  occurs 
for  hours  and  days.  The  unit  will  automatically 
change  from  micro-rems  to  milli-rems  as  needed. 

The  unit  will  sound  an  alarm  for  five  seconds 
if  the  count  exceeds  a calculated  .5  micro-rems  in 
a minute  period  (30  pR/Hr).  To  turn  off  the  alarm 
and  beeping,  turn  the  entire  unit  off  and  hold  the 
mode  button  down;  then  turn  the  unit  on  again. 

The  background  count  will  vary  with  the  area 
you  live  in;  12  pR/Hr  is  about  average.  I get  20 
per  hour  at  my  laboratory;  this  is  probably  due  to 
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the  altitude  of  Carson  City.  Before  9-11,  I took  the  unit  in 
an  airplane  and  turned  it  on  at  35,000  feet.  It  will  make 
you  wonder  why  you  are  flying;  it  registered  300  p/R  Hr. 

Pick  up  a Coleman  lantern  mantle  and  use  this  to  test 
the  unit.  It  contains  thorium  that  is  radioactive  and  emits 
alpha  particles.  The  unit  draws  about  10  mA,  and  a nine 
volt  battery  will  last  about  two  days.  Use  a nine  volt  DC 
battery  eliminator  if  recording  for  days  or  months. 


Making  a 
Radiation  Graph 

I use  two  types  of  devices  for  making  graphs.  The  first 
is  a Dataq  EL-USB-3  which  is  a voltage  data  logger  that 
plugs  into  the  USB  port  of  a computer.  This  device  makes 
the  Geiger  counter  truly  portable.  It  sells  for  about  $75.  It 
measures  0-30  volts,  and  can  be  set  to  record  from  one 
second  to  a 1 2 hour 
interval.  At  one  minute 
intervals,  it  will  record 
22  days  of  data.  It  is 
only  sensitive  to  50  mV 
which  is  41  CPM. 

The  second  device 
I use  is  my  favorite.  It  is 
the  Dataq  DI-145  which 
sells  for  $29.  It  is  a must 
for  any  scientist. 

Most  of  us  have  an 
older  computer  sitting 
around  gathering  dust 
that  we  can  utilize  with 
this  unit. 

The  device  will 
record  up  to  four 
channels  at  one  time 
and  with  Dataq's  free 
WinDaq's  software,  it  is 


a very  powerful  tool.  You  can  monitor  gravity,  the  tilt  of 
the  earth,  plus  seismic  activity,  magnetic  fluxuations,  and 
radiation  all  at  the  same  time,  so  you  can  observe  any 
correlations. 

The  software  graphs  out  all  on  the  same  sheet.  Just 
plug  in  either  device  into  the  RCA  jack.  Its  sensitivity  is 
.001  volts  which  is  1 CPM. 


IM  M^r  fcp*  Mpjji  ■> 
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What  Are  We 
Measuring? 

Well,  as  usual,  when  entering  in 
the  scientific  world  there  is  a plethora 
of  terms  and  units.  Fortunately,  for 
our  purposes,  one  roentgen  equals 
approximately  one  rad,  which  equals 
one  rem. 

A rad  (Radiation  Absorbed  Dose) 
is  the  unit  for  measuring  absorbed 
doses  of  radiation.  The  rem 
(Roentgen  Equivalent  Man)  is  the 
damage  that  one  roentgen  causes  to 
humans.  The  roentgen  is  the  quantity 
of  X-rays  or  gamma  rays. 

One  roentgen  is  a lot  of  radiation 
and  is  equivalent  to  about  three  to 
five  years  of  normal  exposure.  This  is 
why  milli-roentgens  and  micro- 
roentgens are  used.  A milli-roentgen 
is  equal  to  1/1000  (1  x 10'3 
roentgens)  and  a micro-roentgen  is 


equal  to  1/1,000,000  (1  x 10'6 
roentgens).  The  unit  we  are  building 
measures  in  micro-roentgens. 

Due  to  a number  of  factors  (type 
of  tube,  calibration,  and  different 
types  of  radiation),  consider  one  click 
or  one  count  1 /1 05  of  a micro- 
roentgen (1  x 10"6  roentgens). 

There  are  three  main  types  of 
ionizing  radiation.  (Ionizing  radiation 
causes  changes  in  tissues  and  can 
cause  cancer.) 

Alpha  particles  are  positive 
charges  that  are  very  short  lived.  A 
sheet  of  paper  can  stop  them, 
however,  if  ingested  or  inhaled  they 
become  very  deadly.  Radium  is  a 
naturally  radioactive  element.  When 
it  emits  an  alpha  particle,  it  becomes 
radon  — a radioactive  gas  with  a half- 
life  of  3.8  days.  Just  as  there  are  earth 
tides,  it  has  been  reported  that  radon 


tides  also  vary  from  day  to  day. 

Beta  particles  are  much  smaller 
than  alpha  particles  and  are 
negatively  charged,  but  can  be 
blocked  by  a thin  sheet  of  aluminum 
foil. 

Gamma  rays  are  electromagnetic 
radiation  and  are  stopped  by  lead, 
concrete,  or  steel. 

Depending  on  what  you  read, 
we  are  exposed  to  about  100-200 
milli-roentgens  per  year.  A chest  X-ray 
(low  level  gamma  rays)  gives  us 
about  10  milli-roentgens  of  exposure. 

When  should  you  become 
alarmed?  This  is  difficult  to  say, 
however,  the  EPA  forbids  radiation 
exposure  above  five  rems  in  any  one 
year  to  radiation  workers. 

I hope  you  enjoy  building  and 
using  this  radiation  counter.  Nlf 
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Hints  & Tips 

• To  view  and  change  the  board  files  and  schematic, 
go  to  www.expresspcb.com  and  download  their  free 
CAD  software.  There  is  no  obligation  and  you  will  not 
be  harassed  by  emails. 

• Microchip  provides  free  software  for  the 
programming  of  their  microprocessors.  Go  to  www. 
microchip.com  for  information. 

• When  using  hour  and  day  readings,  until  you  get 
60  minutes  or  24  hours,  the  unit  will  show  that  it  is 
counting  and  will  give  the  number  of  hours  to  go. 

CHANGING  VOLTAGES 

D5  is  a zener  that  changes  the  voltage.  The  one 
recommended  is  270  volts.  To  get  higher  or  lower 
voltages,  change  this  zener.  To  the  left  of  the  zener  is 
another  set  of  pads.  You  can  place  zeners  in  series  and 
add  their  voltages.  If  using  a second  zener,  make  sure  you 
cut  the  small  trace  between  the  second  set  of  pads. 

Note:  The  generator  cannot  supply  much  current.  An 
ordinary  10  megohm  voltmeter  will  pull  the  output  voltage 
quite  low;  a very  high  impedance  voltmeter  is  needed  to 
directly  measure  the  output  voltage. 

Here  is  a technique  you  can  use.  Take  a 100  megohm 
resistor  and  place  it  in  series  with  the  voltmeter  probe. 

If  you  have  a 1 0 megohm  meter,  this  will  give  a 1 : 1 0 
reduction.  Measure  the  voltage  from  ground  across  the 
cathode  of  the  zener  diode.  Note  the  voltage  on  the 
voltmeter  and  compare  it  to  the  voltage  of  the  zener. 
Perform  a ratio.  This  will  correct  for  the  meter's  input 
resistance,  e.g.,  voltage  of  zener  = 270  volts;  voltage  on 
the  meter  is  20  volts: 

270 

factor  = = 13.5 

20 

Now,  measure  the  voltage  on  the  cathode  of  D4  and 
multiply  it  by  the  factor  used.  This  will  give  you 


(approximately)  the  correct  voltage  of  the  circuit. 

If  you  use  another  tube  besides  the  LND  712,  check 
its  specifications  for  the  voltage  needed  to  drive  the  tube. 

RECORDING  USING  WINDAQ 

I normally  record  an  event  once  per  minute.  Make 
sure  you  are  only  using  one  recording  channel.  To  record, 
click  "File"  and  then  "Record."  Make  up  a file  name  that 
you  can  remember.  Once  you  name  it,  a window  will  pop 
up  and  ask  for  the  number  of  kilobytes.  Make  sure  you 
put  enough  in  for  24  hours  of  recording.  You  can  do  this 
by  holding  down  OK,  and  observing  the  hours  and 
minutes.  If  this  is  not  correct,  move  the  arrow  off  of  OK 
and  input  more  or  less  KB.  Click  OK  when  finished. 

You  can  change  the  units  by  clicking  on  "Edit." 

Go  to  the  engineering  unit  settings  and  make  five  volts 
= 4096  counts. 

When  finished  recording,  click  "File"  and  then 
"Close." 

REVIEWING  DATA 

Perform  a search  with  the  name  you  stored  the  data 
in.  Click  on  it  and  the  Windaq  software  should  open. 

Press  F7;  it  may  take  a few  seconds  to  load.  Click  on 
"Maximum."  The  display  should  have  24  hours  of  data 
on  one  page. 

REFERENCES 

The  first  Geiger  counter  I had  was  back  in  1989  and 
was  an  Aware  Model  RM-60.  They  are  still  manufacturing 
counters,  but  they  start  at  about  $1 80.  They  make  a good 
product,  however.  On  their  website  (www.aw-el.com), 
they  have  a lot  of  information  on  Geiger  counters, 
including  sites  to  experimentation.  They  also  have 
methods  of  measuring  radon  that  can  be  applied  to 
this  unit. 

Check  out  https://sites.google.com/site/diygeiger 
counter/gm-tubes-supported  for  more  information  on 
different  Geiger  tubes. 


PBPS 


Experimenter  - $49.95 
Silver  Edition  - $1 1 9.95 

pi cb asic pro™ compiler  Gold  Edition  - $269.95 

The  industry-standard  BASIC  compiler  for  Microchip  PIC®  microcontrollers. 


Multi-Seat  Licensing 

for  Educational  Institutions 

Upgrade  from 

PICBASIC™  Compiler  (PBC) 


Download  a FREE  trial  version  now. 

www.PBP3.com 


microEngineering  Labs , Inc. 


www.melabs.com 


888-316-1753 


PICBASIC  and  PICBASIC  PRO  are  trademarks  of  Microchip  Technology  Inc.  in  the  USA  and  other  countries.  PIC  is  a registered  trademark  of  Microchip  Technology  Inc.  in  the  USA  and  other  countries. 
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01 

DOWNLOAD  our  free  CAD  software 

02 

DESIGN  your  two  or  four  layer  PC  board 

03 

SEND  us  your  design  with  just  a click 

RECEIVE  top  quality  boards  in  just  days 


e4)resspcb.com 


Wi-Fi  Module  & Dev  Kit 


Industry’s  First 

Embedded  HTML5 
WebSocket  Server 

Control  hardware  with  a web  browser  on 
iPhone , iPad , Android , PC  or  Mac 


Module 


WebSocket  server 
enables  real-time 
bidirectional 
socket  communi- 
cation between  module  and  browser 


• Embedded  web  server 


• 8MB  USB  flash  drive  for  web  files 


• Industry’s  leading  low  power  Wi-Fi  SoC 

• 2 DACs,  8 ADCs  and  14  Digital  IOs 

• Program  100%  in  JavaScript 

• Small  Size:  2.5”xl.6”.  Low  volume -pricing 


$129 


hUJjl.UJJ.H.ffl 

• LEDs,  buttons  and 
pots  for  digital  and 
analog  IOs 

• Temperature  and 
light  sensors 

• Battery,  antenna  & 
speaker 

• Javascript  source 
code  to  demo  all 
hardware  features 


Compatible  with  current  browsers: 


Bluetooth  Keyboard  Adapter 

• Turns  any  USB/PS2 

X 

keyboard  into  a Blue- 

tooth keyboard 

S X 

• Works  with  any 

* df 

phone,  tablet  or  PC 

that  supports  HID 

Bluetooth  keyboard 

/ 

• High-capacity  Re- 

chargeable battery 

$59 

Battery  Capacity  Tester 


PC  software  controls 
and  records  discharge 
of  battery,  plots  curve 
and  calculates  total 
mAh  and  energy 
USB  based.  Green  PC 
software  (no  instal- 
lation necessary  Just 
download  and  run) 


Telephone  Caller  ID  Manager 


PC  software  records 
caller  ID  with  notes 
typed  in  by  user 
When  a call  comes  in, 
pops  up  window  with 
call  history  and  notes 
previously  recorded 
USB  based.  Green  PC 
software 


HANDHELD 

SCIENTIFIC 

handheldsci.com 


Santa  Clara 
California 

408-694-3782 


SUpport@handheldsci.com  Distributors  Welcome 
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Introducing  Wi-Fi  with 
the  PIC  32-bit  Micro 
Experimenter 


By  Tom  Kibalo 


We're  going  to  introduce 
Wi-Fi  applications  by 
using  the  Roving 
Networks  RN-XV  Wi-Fi 
module  and  the  PIC  32-bit 
Micro  Experimenter 
(Experimenter  for  short). 

Our  focus  will  be  on  Wi-Fi 
communication  examples 
that  can  be  useful  for 
remote  Wi-Fi  sensors.  The 
RN-XV  is  a self-contained 
Wi-Fi  module,  with  lots  of 
capability  and  — better  yet 
— it  is  fairly  inexpensive. 

The  module  interfaces  to  the 
Experimenter  through  a serial  UART 
interface  for  both  command  and  data 
transfer.  The  RN-XV  does  most  of  the 
heavy  lifting  for  the  Wi-Fi 
communications,  leaving  the 
Experimenter  to  focus  on  applications. 


Back  in  the  December  2012  issue,  we  introduced  an 
Experimenter  RF  carrier  board  for  use  with  the  XBee  to 
help  in  developing  wireless  sensor  networks.  The  good 
news  here  is  that  the  Roving  Networks  RN-XV  fits  the  form 
and  function  of  the  XBee  de-facto  standard.  This  makes 
our  RN-XV  integration  to  the  Experimenter  straightforward 
when  using  the  RF  carrier  board. 

We  will  examine  two  configurations  of  the  32-bit 
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Figure  1.  The  32-bit  Experimenter  with  Wi-Fi. 

Experimenter  for  use  with  the  RN-XV,  then  a stand-alone 
battery  powered  configuration  (without  the  Experimenter). 
These  examples  should  provide  many  good  ideas  on  ways 
to  use  the  RN-XV  in  your  own  designs. 

The  first  configuration  is  designated  as  the  "evaluation 
mode."  It's  the  best  setup  to  get  your  feet  wet.  You  simply 
plug  the  RN-XV  into  the  Experimenter  (using  the  RF  carrier 
board),  and  then  hook  up  the  Experimenter  via  its  USB  to 
your  PC  for  direct  control.  The  second  configuration  is 
"stand-alone  mode"  which  has  no  direct  hookup  to  your 
PC,  but  still  uses  the  Experimenter.  This  is  closer  to  how 
you  may  actually  use  the  RN-XV  for  a full  capability 
deployment. 

The  final  configuration  is  "remote  battery  stand-alone" 
which  does  not  use  the  Experimenter.  It  runs  the  RN-XV 
off  a battery  as  a limited  function  remote  Wi-Fi  sensor.  We 
will  also  introduce  some  new  software  tools,  and  work 
through  several  exercises  and  setups  with  these 
configurations.  All  the  code  is  available  for  download  at 
the  article  link.  All  software  tools  are  free  and  available 
from  the  designated  vendor  websites. 


www.nutsvolts.com/index.php7/magazine/article/march2013_Kibalo 

Discuss  this  article  in  the  Nuts  & Volts  forums  at  http://forum.nutsvolts.com. 


The  network  communications  used  with  these 
exercises  incorporates  TCP  (Internet  Transmission  Control 
Protocol).  TCP  provides  a reliable,  guaranteed  point-to- 


point  ordered  delivery  of  data  from  one  network  device  to 
another.  This  type  of  communication  is  ideal  for  remote 
sensing  and  control  applications. 


Evaluation 
Configuration 

Setup 

To  begin,  just  plug  the 
RN-XV  into  the  RF  carrier 
board,  then  mount  this  on 
to  the  Experimenter.  It,  in 
turn,  connects  to  a PC 
through  its  USB.  The  RN- 
XV  supports  a standard  PC 
or  microcontroller  interface 
with  an  API  (Application 
Programming  Interface). 

The  API  and  other  module 
features  are  covered  in  the 
module  user  manual;  it  is 
highly  recommended  that 
you  acquire  and  review  this 
"Wifly"  user  manual  to  gain 
a complete  understanding 
of  the  API  and  its 
capabilities.  You  need  to 
install  Tera  Term  software 
on  the  PC  to  be  able  to 
interact  with  the  RN-XV  API  through  the  serial  USB.  This 
software  and  the  Wifly  manual  are  both  available  from 
Roving  Networks  at  www.rovingnetworks.com/ 
resources/show. 

The  32-bit  Experimenter  also  needs  to  be 
programmed  to  support  this  configuration.  The  software  is 
at  the  article  link  and  is  a MPLAB  X IDE  project  which  was 
written  using  the  Microchip  XC32  C complier.  Both  the 
MPLAB  X IDE  and  XC32  are  available  at 
www.microchip.com. 

Here  are  the  steps  to  set  up  the  Evaluation 
Configuration: 

1 . Connect  a power  source  +5V-6V  DC  to  your 
Experimenter  power  input  pins.  Wire  the  RF  carrier 
module  for  the  same  external  power  by  setting  its 
J2  PWR  SEL  jumper  for  pins  1 and  2,  and  then 
route  the  same  Experimenter  +5V-6V  DC  input 
power  source  to  the  carrier  J1  plus  and  minus 
connections. 

2.  Populate  the  carrier  with  the  RN-XV  module.  In  this 
configuration,  both  the  Experimenter  and  module 
are  driven  off  the  same  external  power  sources. 


3.  Open  the  USB  project  software  with  MPLAB  X.  Use 
a Microchip  PICkit  3 programmer/debugger  (or 
equivalent)  to  build  and  program  the  Experimenter. 
Remove  the  PICkit  3;  the  Experimenter  should  be 
running. 

4.  Connect  the  Experimenter  USB  to  the  PC  USB.  The 
PC  should  automatically  configure  its  USB  with  the 
required  USB  drivers. 

5.  Install  Tera  Term  onto  your  PC  from  the  Roving 
Networks  website. 

6.  Launch  Tera  Term  on  your  PC.  It  should  identify  a 
COM  port  for  the  Experimenter.  Select  this  COM 
port  and  configure  the  serial  port  for  9600  baud, 
no  parity,  one  stop  bit,  and  no  hardware  flow 
control. 

7.  Once  this  is  done,  type  "$$$"  (no  carriage  return) 
in  the  Tera  Term  terminal  window.  You  should  see 
the  "cmd"  response  from  the  RN-XV.  You  are  now 
in  command  mode  and  ready  to  start  Wi-Fi  module 
association.  You  can  exit  command  mode  at  any 
time  and  enter  data  mode  by  typing  "exit"  (CR), 
but  don't  do  that  just  yet.  Let's  first  review  basic 
Wi-Fi  association,  which  is  an  important  primer  for 
our  next  experiment. 
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A Primer:  Association  With  a Secure  Wi-Fi  Access  Point 

Built  into  every  Wi-Fi  access  point  and  device  is  a security  feature  called  authentication;  it  is  designed  to  prevent 
Wi-Fi  eavesdropping  from  unauthorized  devices.  Different  Wi-Fi  authentication  based  algorithms  used  by  the  industry 
include  WEP-64,  WEP-128,  WPA2-PSK,  WPA1-PSK,  and  WPA-PSK.  The  RN-XV  supports  all  of  them.  You  just  need  to 
select  which  of  these  is  appropriate  for  your  target  access  point,  and  determine  if  they  require  a password  or  key. 

You  need  to  know  what  is  required  and  the  actual  contents  of  either  the  key  or  pass  phrase  to  successfully  associate. 

Authentication  is  performed  as  part  of  a larger  Wi-Fi  device  initialization  process  coined  "association."  This  is  a four 
step  process  that  is  analogous  to  the  creation  of  a virtual  wire  between  the  device  and  an  access  point.  The  end  result  of 
association  is  that  your  device  receives  an  IP  (Internet  protocol)  address  to  enable  communications  to  any  part  of  the 
network.  This  address  is  four  bytes,  depicted  as  a dotted-quad  such  as  192.168.1.100.  Dynamic  Host  Configuration 
Protocol  (DHCP)  is  the  network  protocol  used  during  association  to  configure  a network  device  with  an  IP  address.  The 
Wireless  Access  Point  has  a DHCP  server  function  built  in.  The  RN-XV  has  a built-in  DHCP  client  to  automatically  work 
with  the  access  point  server.  The  overall  association  process  is  shown  in  Figure  3.  The  IP  address  can  also  be  assigned 
manually,  if  needed. 


Experiment  1:  Associating 
RN-XV  with  a Secure 
Access  Point 


The  RN-XV  module  has  two  modes  of  operation:  data 
and  command.  In  data  mode  (the  default  on  power-up), 
the  module  performs  like  a data  pipe.  In  other  words, 
when  data  is  received  over  Wi-Fi,  the  module  removes  the 
headers  before  transferring  the  data  to  the  host 
microcontroller.  Command  mode  is  a special  configuration 
which  is  entered  with  the  host  transmitting  ASCII  "$$$" 

(no  CR).  It  is  used  by  the  host  to  configure  the  RN-XV 
operation  and  monitor  its  status  (using  API  ASCII 
commands). 
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Figure  4.  The  module  command  and  response 
during  association. 


Command  entry  does  require  a CR,  and  the  module 
will  respond  typically  with  an  'AOK'  if  everything  is 
accepted  or  'ERR'  if  it  is  not.  If  you  type  CR  in  command 
mode  without  a command,  the  module  will  respond  with 
its  version  number  like  <2.23D>. 

The  RN-XV  API  command  set  falls  into  four  general 
categories:  SET,  GET,  STATUS,  and  ACTION  (refer  back  to 
the  Wifly  manual  for  details).  All  configuration  settings  can 
be  directed  by  the  host  to  be  stored  in  the  module's  Flash 
memory,  where  it  can  persist  and  be  reloaded  after  power 
cycling.  To  keep  changes,  the  host  uses  the  "save" 
command. 

You  should  now  be  in  Evaluation  Configuration  mode 
with  Tera  Term  communicating  with  the  RN-XV  over  USB. 
As  you  recall,  we  typed  "$$$"  to  enter  the  RN-XV 
command  mode,  then  the  module  replies  with  "cmd." 

Let's  now  direct  the  module  to  search  for  access  points  by 
typing  the  command  "scan"  with  (CR).  The  RN-XV  will 
now  automatically  list  all  wireless  access  points  it  finds.  In 
this  example,  only  one  access  point  was  found. 

You  select  an  access  point  by  identifying  its  SSID 
(name  of  access  point)  and  security  authentication  (either 
key  or  pass  phrase).  The  commands  to  do  this  are  as 
follows: 

1 . Type  "Set  wlan  ssid  <string>"  (CR). 

2.  Type  "Set  wlan  pass  <string>"  (CR)  or  optionally 
"set  wlan  key  <string>"  (CR),  depending  on  the 
specific  access  point  authentication  requirement. 

3.  Type  "set  ip  dhep  1"  (CR)  to  activate  the  RN-VX 
DHCP  client. 

4.  Type  "ip  protocol  3"  (CR)  to  activate  TCP  and  IP 
protocols. 

5.  Type  "join  4USL2"  (CR)  to  attempt  to  associate 
with  the  designated  access  point. 

The  results  should  look  like  Figure  4. 


42  NUTS i VOLTS  March  2013 


Figure  3. 
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The  Access  point  should  have  a indoor  range 
of  about  20  meters  (65  feet)  and  a greater 
range  outdoors, 

WIFI  Network  Connection  requires  a four 
step  process: 

L Locate  - finds  a WIFI  aceest  point 
and  dete  rmines  which  SSID  to  join 

2.  Authenticate*  passes  the  specific 
WLAN  Phase  or  Keyword  to 
authenticate  itself 

3.  Associate- begins  a secure  session 
using  encryption 

4.  Retrieve  IP  address  from  net  - 
receives  an  IP  address  to  access 
network 


6.  Type  "save"  (CR)  to  store 
the  configuration  into  the 
module.  This  way  (on 
power-up),  the  system  will 
automatically  associate 
with  the  designated  access 
point. 


If  the  association  is  successful, 

DHCP  will  assign  the  module  an 
IP  address;  in  this  case, 

1 92.1 68.1 .1 3 (as  well  as  confirm 
the  IP  address  of  the  access  point 
Internet  gateway  which  is 
192.168.1.1). 

A fun  way  to  verify  the 
module's  presence  on  the 
network  is  to  make  use  of  the 
ping  command,  using  Windows 
command  window.  Ping  is  a 
computer  network  administration 
utility  used  to  test  the  reachability 
of  a device  on  the  Internet,  and  to 
measure  the  round-trip  time  for 
messages  sent  from  the 
originating  host  to  a destination 
computer. 

Type  "ping  192.168.1.13"  at 
the  command  prompt  and  verify 
that  the  module  is  present  on  the 
network  (see  Figure  5). 

A visual  indication  of  connection  status  is  readily 
available  directly  from  the  RN-XV  itself  by  examining  its 
three  LEDs  (red,  yellow,  green)  that  are  located  on  the  top 
of  the  module  (Figure  6). 

Before  an  association,  both  of  the  module's  red  and 
green  LEDs  are  blinking  fast;  after  association,  only  the 
module's  green  LED  blinks  slowly. 
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Figure  5.  Utilizing  ping. 
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Figure  6.  The  RN-XV  module  LED  activity  matrix. 


Congratulations!  You  should  now  have  an  associated 
module  with  IP  address  to  use  in  your  experiments! 
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Figure  7.  The  stand-alone  configuration  showing  the  association  complete 

and  the  IP  address  assigned. 


Let's  run  a stand-alone 
configuration  next.  Here,  we 
remove  the  Experimenter  from 
the  PC  USB,  but  retain  the  RF 
carrier  board  with  the  pre- 
configured RN-XV  module  from 
our  previous  experiment.  We 
then  add  an  Experimenter  color 
display  carrier  module  and  a 
PS/2  keyboard  interface  (this 
carrier  module  is  available  from 
the  Nuts  & Volts  Webstore). 

This  new  configuration  acts 
as  a self-contained  Wi-Fi  device 
(with  the  use  of  a PC),  and  can 
interact  with  the  PC  or  other 
Wi-Fi  devices  as  a stand-alone. 

We  will  need  to  configure  the 
Experimenter  software  again. 

Navigate  with  MPLAB  X to  the  Wi-Fi  demo  folder  and 
open  the  project  software  "lab3.X."  Program  the 
Experimenter  as  before  with  the  PICkit  3 and  then  remove 
it.  Connect  a PS/2  keyboard  to  the  color  display  carrier 
module;  you  should  see  the  Experimenter  automatically 
associate  with  the  access  point  and  receive  its  IP  address. 
In  this  specific  example,  the  RN-XV  IP  is  1 92.1 68.1 .6  with 
a default  port  number  of  2000. 

The  IP  address  is  the  routable  network  address  of  the 
device  tied  to  the  network,  but  what  is  the  port  number? 
Port  numbers  provide  access  to  a host  device  application 
that  uses  the  IP  address.  The  port  number  is  a 16-bit 


unsigned  integer  (1  to  65535;  0 is  reserved).  Because  of 
the  limited  size  of  the  display  (only  20  characters  by  1 5 
rows  and  a 5x7  character  font),  there  is  some  wrap-around 
text. 

The  display  will  automatically  pause  once  it  fills  up  the 
screen.  You'll  need  to  type  a (CR)  on  the  keyboard  to  see 
the  rest  of  the  display  when  this  happens.  You  are  now  in 
business  to  conduct  any  RN-XV  experiment. 

Let's  move  on  to  our  TCP  exercises  by  entering 
command  mode  (type  "$$$"). 


Experiment  2: 
Sending  Data 
From  the 
Experimenter 
to  the  Host 
Using  TCP 

In  command  mode,  we  will 
open  a TCP  connection  to  the  host 
computer,  and  then  pass  TCP 
messages  to  the  remote  PC  by 
simply  typing  on  the  PS/2 
keyboard.  This  exercise  is  generally 
representative  of  a remote  sensor 
application.  Also  keep  in  mind  that 
a TCP  connection  is  a one  way 
communication  (see  Figure  8). 
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Figure  8.  Sending  data  from  the  Experimenter 
to  the  PC  using  TCP. 


On  the  Experimenter  side: 


To  accept  a TCP  connection  from  the  Experimenter  at 
the  host  as  well  as  to  see  the  TCP  messages,  we  will  use 


[rlM 


Figure  9.  The  Experimenter  side  opening  and  closing  a TCP 
connection  to  the  host  using  Wi-Fi. 


the  software  tool  PORTPEEKER  (available  free  from  Roving 
Networks)  on  the  host  side.  You  must  first  install 
PORTSEEKER  on  your  host  PC. 

Open  PORTSEEKER  and  configure  your  host  IP 
(should  be  automatically  set)  and  then  set  port  to  2000. 
Click  on  the  OK  button  once  you  are  done. 

Once  the  TCP  connection  is  made,  the  Experimenter 
should  show  *OPEN*  on  its  display.  Another  message  — 
*HELLO*  — should  appear  simultaneously  on 
PORTSEEKER.  Any  typed  data  from  the  Experimenter 
should  also  be  displayed  locally  and  captured  by 
PORTSEEKER.  Check  out  Figure  11  to  see  that  the  TCP 
messages  captured  "COOL".  To  close  the  TCP 
connections,  just  enter  command  mode  and  type  //close// 
(CR)  on  the  Experimenter  side,  or  shut  down  PORTSEEKER 
on  the  host  side. 


2. 

3. 

4. 


Type  "set  <host  IP>  < port>"  (CR) 
to  select  a host.  To  obtain  the  PC 
host  IP  address,  execute  the 
IPCONFIG  command  in  the  host 
PC  command  window,  and  then 
use  the  host  IP  address  shown. 

Type  "open"  (CR)  to  request  a 
host  connection. 

If  the  host  is  ready  and  accepts  the 
connection,  there  will  be  an 
*OPEN*  response  on  the 
Experimenter  display. 

Once  the  connection  is  accepted 
on  the  host  side,  the  Experimenter 
will  enter  its  data  mode.  Any 
subsequent  typing  on  the 
Experimenter  side  ends  up  as  TCP 
messages  picked  up  by  the  host. 

In  our  case,  we  typed  "Cool." 

To  close  the  connection,  type 

"$$$"  and  re-enter  command  mode,  then  type 

"CLOSE"  (CR).  A *CLOS*  message  will  appear  on 

the  display,  signifying  the  connection  is  indeed 

closed. 
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Figure  11.  PORTSEEKER  capturing  TCP  messages 
from  the  Experimenter. 


Figure  10.  Set  up  PORTSEEKER  for  the  TCP  IP  and  port. 
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Figure  12.  Setting  up  Telnet  for  the  Experimenter  IP 
and  port  address. 
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Experiment  3:  Host  Sending 
Data  to  the  Experimenter 
Using  TCP 

We  will  now  use  Telnet  on  the  host  side.  Telnet  is  a 
network  protocol  used  on  the  Internet  to  provide  an 
interactive  text-oriented  communication  facility  using  a 
virtual  terminal  connection  over  TCP.  Tera  Term  is  easily 
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Figure  13.  Running  the  Telnet  TCP  connection. 


configured  for  Telnet.  No  special  Experimenter  software  or 
hardware  is  required  other  than  the  reuse  of  Experiment  2 
code  and  the  hardware  configuration. 

Acquire  the  Experimenter  IP  and  port  address  by 
typing  "get  IP"  (CR)  while  the  RN-XV  is  in  command 

mode.  Then,  place  the 
Experimenter  into  data  mode 
by  typing  "exit"  (CR). 

On  the  host  side,  use  Tera 
Term  for  a Telnet  connection 
set  up  for  the  Experimenter  IP 
and  port  address.  Once 
initiated,  the  Experimenter 
should  display  an  *OPEN* 
message  to  indicate  that  the 
TCP  connection  is  open  with 
the  host,  and  then  a *CLOS* 
to  indicate  it  is  closed.  The 
TCP  Telnet  window  will 
display  the  message  *HELLO* 
simultaneously  with  the 
*OPEN*  message  displayed 
on  the  Experimenter. 

All  subsequent  host  data 
typed  in  the  Tera  Term 
window  during  a Telnet 
session  should  appear 
automatically  on  the 
Experimenter  display.  None 
of  this  data  will  appear  in  the 
Telnet  window.  To  mimic  a 
remote  command,  we  chose 
the  phrase,  "Bring  me  a 
banana!" 
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Figure  14.  Receiving  host  commands. 
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Figure  15.  TCP  messages 
received  by  the  Experimenter 
during  a host  Telnet  session. 
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Figure  16.  Battery  powered  configuration. 


Experiment  4: 
Stand-alone  RN-XV 
Battery  Powered 
Configuration 


For  this  configuration,  remove 
the  RF  carrier  board  with  the 
Wi-Fi  module  from  the 
Experimenter,  apply  battery 
power  to  the  module,  and 
interact  with  the  module  directly. 

We  will  use  the  TCP  to  remotely 
control  an  LED  from  the  host. 

For  batteries,  we  need  to 
supply  +4.5V  to  6V  to  the 
module;  three  to  four  AAA 
batteries  should  do  the  job  nicely. 

We  will  use  the  J3  I/O  port  of  the 
RF  module  for  external 
electronics.  For  this  experiment, 
we  will  connect  a 1 K resistor  to 
the  anode  of  an  LED  to  pin  GPIO 
13  pin  7.  This  GPIO  pin  defaults 
to  an  output.  Connect  the 
cathode  of  the  LED  to  ground 
(J3  pin  10).  1 1 4L  ft 

Open  Tera  Term  (configured 
for  Telnet)  using  the  IP  address  of 
the  module,  and  the  port  address 

2000.  You  can  double-check  you  have  the  right  address 
by  utilizing  ping.  Tera  Term  should  respond  with  an 
*OPEN,*  indicating  a TCP  connection.  Type  "$$$"  to 
enter  command  mode. 

We  can  control  the  state  of  the  LED  through  the 
RN-XV  I/O  commands  (detailed  in  the  API).  In  the  set, 
"sys  output  <value>  < mask>"  (CR),  value  is  what  is 
written  and  mask  designates  the  pins.  Type  "sys  output 
0x2000  0x2000"  (CR)  to  turn  the  GPIO  13  LED  on 
and  "sys  output  0x0000  0x2000"  (CR)  to  turn  the  GPIO 
1 3 LED  off. 


Figure  17.  Battery  powered  configuration  controlling  LED. 


What's  Next? 

We  covered  some  important  ground  in  Wi-Fi,  but 
have  barely  touched  on  all  of  the  extensive  capabilities  of 
the  Roving  Networks  Wi-Fi  module.  Wi-Fi  can  be  tricky. 
However,  the  software  tools,  code  examples,  and 
hardware  used  here  should  be  invaluable  in  your  future 
Wi-Fi  applications. 

Future  articles  will  cover  FTP,  HTML  clients,  and  UDP 
applications.  The  Experimenter  is  readily  poised  to  handle 
your  wireless  applications.  Until  next  time,  happy  32-bit 
Wi-Fi  computing! 
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TCF  IT  PROFESSIONAL  CONFERENCE** 


Friday  March  15, 2013, 8:30am  — 5pm 
For  Conference  Info  and  Fees  See 
http://www.tcf-nj.org/pc 
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SERVO  ERECTOR  SET  VI  .1 


GET  READY  TO  CHANGE  THE  WORLD  OF  ROBOTICS 


ine  it.  Build  it.  Control  it. 


THE  COUNTDOWN  HAS  BEGUN 


Lynxmotion  is  a trademark  of 
RobatShop  Distribution  inc. 
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Robotics 


Keeping  tabs  on  relative  humidity  and  temperature  is  important  in  a variety  of 
situations.  Museums  often  need  to  monitor  these  conditions  in  order  to  preserve 
rare  artifacts.  Musicians  are  concerned  about  the  effects  on  their  stringed 
instruments.  Cigars  and  other  natural  products  are  often  stored  in  climate 
controlled  boxes.  Not  to  mention,  of  course,  homeowners  who  are  concerned 
about  the  comfort  level  within  their  own  homes. 
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The  DHT22  is  a recent  contribution  to  the  lineup  of 
joint  humidity/temperature  sensors.  It  is  particularly 
attractive  to  DIYers  thanks  to  its  low  cost,  which  is 
around  $10.  It  spans  an  impressive  range  of  0%  to100% 
relative  humidity,  and  -40°  C to  125°  C (that's  -40°  F to 
257°  F).  Of  course,  it's  doubtful  any  homebrew  circuits 
could  operate  at  these  two  extremes  of  temperature,  but 
it's  nice  to  know  the  sensor  won't  be  the  limiting  factor. 
The  claimed  accuracy  is  ±5%  worst  case  for  humidity 
and  ±0.2°  C for  temperature.  A rather  neat  feature  is  that 
both  values  are  measured  to  the  nearest  tenth;  that  is,  to 
one  decimal  place. 

Unfortunately,  if  you  poke  around  the  Web,  you'll 
quickly  discover  that  there  are  more  questions  than 
answers  concerning  this  device.  Part  of  the  reason  for 
this  confusion  is  that  it  spits  out  the  readings  digitally 
using  a non-standard  protocol.  Another  major  problem 
for  English  speaking  experimenters  is  that  the  datasheet 
(originally  in  Chinese)  has  been  poorly  translated  and 
more  often  than  not  leaves  you  scratching  your  head. 

Then,  there's  the  problem  of  the  numerical  format  of 
the  readings.  This  is  not  addressed  in  the  datasheet  and 
demands  a bit  of  detective  work  at  the  bench. 

A few  people  have  managed  to  put  all  the  pieces 


together  and  get  it  percolating  in  the  Arduino  or 
C languages,  often  employing  built-in  timers  or  more 
exotic  aspects  of  microcontrollers. 

Can  the  DHT22  sensor  be  made  to  work  in  the 
more  beginner-friendly  Basic  language,  say  on  a 
commonplace  PIC,  and  without  reference  to  complex 
hardware  features?  Yes,  indeed! 

This  article  lays  bare  these  secrets  and  demystifies 
the  application  of  the  DHT22.  In  particular,  we'll: 

• Use  the  common  and  inexpensive  PIC16F88 
microcontroller  to  drive  it. 

• Program  it  in  the  free  and  easy-to-use  Great  Cow 
Basic  language.  (Refer  to  my  article  in  the 
November  2012  issue  which  explains  this 
awesome  software.) 

• Avoid  timers,  capture/compare  modules, 
interrupts,  and  other  complicated  notions. 

• Make  it  work  with  ordinary  fixed  point  arithmetic 
(no  floating  point  routines  needed). 

• Test  it  all  with  a remarkably  simple  LCD 
breadboard  rig. 


How  to  Take 
a Reading 

Let's  see  if  we  can  first  make 
sense  of  the  communication 
protocol.  Begin  by  looking  at  the 
schematic  in  Figure  1.  As  indicated 
there,  the  DHT22  is  a four-pin  device; 
+5V  is  applied  to  pin  1,  while  ground 
is  pin  4.  Pin  3 is  a "no-connection" 
and  simply  ignored.  Pin  2 is  where 
the  magic  occurs. 

This  single  pin  establishes  a two- 
way  conversation  with  the  PIC16F88. 
Obviously,  this  is  going  to  be  serial 
communication,  but  it  follows  a 
proprietary  protocol  — one  you've 
likely  never  seen  before. 

There  will  be  five  bytes 
transmitted  to  the  PIC.  The  first  two 
give  the  relative  humidity,  and  the 
next  two  give  the  temperature.  The 
last  byte  is  a checksum  used  to 
confirm  everything  went  okay.  We'll 
look  more  closely  at  how  to  interpret 
these  five  bytes  in  just  a moment,  but 
for  now  let's  presume  that  a string  of 
40  bits  (five  eight-bit  bytes)  is  going 
to  shoot  along  pin  2 to  port  line  A.O 


of  the  PIC16F88.  Referring  again  to 
the  schematic,  A.O  appears  at  pin  1 7 
of  IC1  and  can  be  configured  either 
as  an  input  or  output.  We'll  assume 
it's  an  input  when  first  powered  on, 
with  resistor  R1  acting  as  a pull-up. 

To  request  a reading,  port  line 
A.O  is  made  an  output  and  then 
pulled  low  for  18  milliseconds.  After 
this  fairly  lengthy  time,  the  line  is 
pulled  high  again  but  for  a much 
shorter  40  microseconds.  This 
sequence  then  awakens  the  DHT22 
sensor  from  its  idling,  low  current 
state.  The  PIC  gets  ready  to  listen  to 
it  by  making  port  line  A.O  an  input 
again. 

The  DHT22  responds  with  an 
acknowledgement,  indicated  by  the 
following  signals.  The  sensor  now  has 
control  of  A.O  and  pulls  it  low  for  80 
microseconds.  The  firmware  in  the 
PIC  can  easily  monitor  this  period 
and  if  things  run  long,  a timeout  is 
declared  and  some  error-handling 
can  be  invoked. 

Okay,  let's  assume  everything 
has  gone  according  to  FHoyle  so  far. 
The  DHT22  next  brings  port  line  A.O 
high,  again  for  80  microseconds. 


Once  more,  a timeout  can  be 
checked  on  if  desired. 

Thus  far,  the  PIC16F88  has  sent  a 
request  and  the  DHT22  has 
responded  with  an  acknowledgment. 
The  port  line  is  still  an  input  at  this 
point,  and  the  microcontroller  is 
ready  to  start  receiving  those  40  bits 
that  make  up  the  five  bytes.  Here's 
how  it  goes: 

The  DHT22  drops  A.O  low  for  50 
microseconds.  You  can  think  of  this 
as  a start  signal.  Now,  the  sensor 
pulls  the  line  high  again.  The  length 
of  this  pulse  conveys  the  information 
we  want.  If  A.O  is  high  for  26  to  28 
microseconds,  a "zero"  is  indicated. 

If  it's  high  for  70  microseconds,  then 
a "one"  is  implied.  Hence,  the  pulse 
width  expresses  the  bit  status. 

In  everyday  language:  After  the 
start  signal,  a short  pulse  represents  a 
zero,  while  a long  pulse  signals  a 
one.  That  takes  care  of  the  first  bit. 
Now,  just  go  back  to  the  start  of  this 
paragraph  and  repeat  the  sequence 
39  more  times  to  get  the  remaining 
bits.  Notice  that  port  line  A.O  is  still 
an  input.  By  the  way,  the  bits  always 
come  in  from  high  order  to  low 
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order.  It  is  convenient  to  store  the 
bits  in  an  array  of  bytes.  Let's  call  it 
values.  In  the  syntax  of  Great  Cow 
Basic,  values  ( l ) and  values  ( 2 ) 
hold  the  relative  humidity,  while 
values (3)  and  values (4)  contain 
the  temperature  in  Celsius.  The 
checksum  is  in  values  (5)  . 

One  other  thing;  the  DHT22 
moves  along  at  a fairly  peppy  clip,  so 
the  PIC  needs  to  keep  pace.  Run  the 
microcontroller  on  a 20  MHz 
resonator  so  it  doesn't  fall  behind. 

On  the  other  hand,  the  sensor  can 
only  update  itself  every  two  seconds, 
so  don't  query  it  more  often  than 
that. 

How  to  Interpret 
the  Numbers 

Now,  comes  one  of  the  more 


mysterious  aspects  of  the  DHT22: 
figuring  out  what  the  numbers  mean. 
While  the  relative  humidity  is  always 
a non-negative  number,  the 
temperature  might  be  negative.  And 
don't  forget  about  the  decimal 
fraction  portion  of  the  number.  Let's 
see  if  we  can  untangle  this  mess. 

Relative  humidity  is  easy.  The 
two  bytes  simply  give  a 16-bit 
representation  of  10  times  the 
relative  humidity  in  ordinary  binary 
notation.  (The  scaling  factor  of  10 
will  make  more  sense  in  a moment). 
In  particular,  if  we  declare  an  integer 
variable  RH,  then  making  the 
assignment: 

RH  = 256  * VALUES (1)  + 

VALUES (2) 

will  give  a result  10  times  greater 
than  the  actual  relative  humidity.  If  it 


isn't  clear,  in  Great  Cow  Basic 
integers  are  signed  16-bit  numbers. 

As  mentioned,  the  temperature 
may  be  negative.  If  so,  the  high  bit  of 
values  (3)  will  be  set;  otherwise,  it's 
clear.  Please  note  the  following 
important  point!  The  representation 
is  not  the  usual  two's  complement 
business  you  might  expect,  but  we 
can  make  it  so  in  the  following 
manner. 

First,  save  that  sign  bit  for  later. 
Next,  strip  it  off  of  values  (3 ) ; in 
other  words,  make  it  a zero.  That's 
easy  to  do  via  masking  with  the 
conjunction  operator  and: 

VALUES (3)  = VALUES (3)  AND 

ObOlllllll 

Then,  declare  an  integer  variable 
CELSIUS  and  carry  out  the 
assignment: 

CELSIUS  =256  * VALUES (3)  + 

VALUES (4) 

This  variable  presently  holds  the 
absolute  value  of  10  times  the 
Celsius  temperature.  We  can  now 
factor  in  the  plus  or  minus  business 
properly.  If  the  sign  bit  saved  earlier 
was  a zero,  then  there's  nothing  to 
do;  Celsius  holds  the  correct  result. 

If  the  sign  bit  was  a one,  then  let: 

CELSIUS  = -CELSIUS 

and  we're  good  to  go.  At  this  point, 
rh  and  Celsius  both  hold  legitimate 
two's  complement  integers  that  are 
10  times  the  detected  values. 

Time  to  Print 
the  Results 

Before  proceeding,  we  need  to 
see  how  a checksum  can  help 
pinpoint  erroneous  results  before 
they  ever  get  to  the  LCD.  Suppose 
we  were  to  add  up  the  first  four  bytes 
just  received  with: 

TOTAL  = VALUES ( 1 ) + VALUES ( 2 ) 

+ VALUES ( 3 ) +VALUES ( 4 ) 

total  can  be  a byte  variable, 
since  all  that's  needed  is  the  least 
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significant  byte  of  the  sum.  If  this 
doesn't  match  values  (5),  then  you'll 
know  there  was  discombobulation 
somewhere  and  the  scrambled  pattern 
should  be  discarded. 

Assuming  everything  is  hunky- 
dory,  we're  ready  to  print  the  results. 
We  don't  have  the  luxury  of  floating 
point  routines  in  Great  Cow  Basic  (or 
in  unadulterated  Assembler  for  that 
matter).  That's  okay;  we  can  easily  deal 
with  the  decimal  fraction  in  the 
following  way.  Remember,  rh  and 
Celsius  contain  properly  signed 
integers,  but  10  times  too  large.  That's 
good,  because  if  you  simply  divide  rh 
by  1 0 (saving  the  remainder  for  a 
moment)  and  print  the  result,  you'll 
see  the  whole  number  part. 

Now,  print  a decimal  point  and 
follow  this  with  the  remainder  just 
saved.  Voila!  There's  the  relative 
humidity  and  temperature  — accurate 
to  one  decimal  place  — shining  away 
at  you. 


A Couple 
of  Niceties 

It's  easy  enough  to  convert  to 
Fahrenheit  if  desired,  using  the  well- 
known  formula: 

FAHRENHEIT  = CELSIUS  * 9 
/ 5 + 32 

but  you'll  need  a more  obscure  trick 
to  get  an  accurate  conversion  out  of 
it  with  integer  arithmetic.  The  trouble 
lies  in  the  division.  Any  remainder  is 
unceremoniously  jettisoned  — this  is 
truncation,  not  rounding. 

For  example,  imagine  the 
computation  ended  up  as  56.78; 
you'd  like  this  to  be  rounded  to  56.8, 
but  will  instead  wind  up  with  56.7  in 
simple  integer  arithmetic.  FHere's  how 
to  deal  with  the  problem.  Remember 
that  Celsius  contains  10  times  the 
true  Celsius  reading.  Before  invoking 
the  conversion  to  Fahrenheit,  multiply 
by  1 0 so  the  value  is  now  1 00  times 
too  big,  yielding  the  modified 
conversion: 

FAHRENHEIT  = 10  * CELSIUS  * 9 
/ 5 + 3205 

I bet  you  were  expecting  to  see  a 


3200  there  (32  times  100),  but  by 
making  it  five  units  larger,  we  are  — in 
effect  — adding  the  digit  5 in  the 
hundredths  place.  This  will  cause  an 
overflow  to  the  tenths  place  if  the 
hundredths  digit  is  a 5 or  larger. 

Then,  if  we  divide  the  entire  thing  by 
10,  that  will  dump  the  hundredths 
digit  which  has  already  served  it 
purpose.  Fahrenheit  will  now 
contain  a value  10  times  too  big  (just 
like  Celsius)  and  properly  rounded. 

If  you  don't  believe  me,  try  a few 
samples  with  pencil  and  paper.  In  a 
nutshell,  we  don't  need  no  stinking 
floating  point  arithmetic! 

You  can  grab  the  complete 
source  code  (written  in  Great  Cow 
Basic)  from  the  download  link  for  this 
article.  The  code  has  been  heavily 
commented,  so  you'll  be  able  to  see 
exactly  how  all  of  this  has  been 
implemented  in  an  imminently 
practical  and  straightforward  fashion. 

Very  likely,  you'll  want  to  test  the 
relative  humidity  portion  for 
accuracy.  You  can  employ  what's 
known  as  a salt  box  for  this,  or  more 
properly  here,  a salt  bag.  Figure  2 
gives  the  idea.  You  enclose  the  entire 
circuit  and  sensor  within  a two  gallon 
Zip-Loc  bag,  sealing  the  power 


supply  cable  entrance  with  a wad  of 
Blu  Tack  or  chewing  gum.  (Blu  Tack 
is  a neat  general-purpose  sticky 
putty).  Before  you  close  up  the  bag, 
however,  also  include  a small  plastic 
cap  filled  with  ordinary  salt.  Put  a few 
drops  of  water  on  the  salt;  you  want 
just  enough  so  the  crystals  are 
clumpy  — not  soggy  or  runny. 

Amazingly,  when  sealed  from  the 
outside  air,  the  physical  chemistry  of 
such  a rig  will  create  a 75%  relative 
humidity  climate.  Keep  the  bag 
poofy  so  there  is  lots  of  air  sealed 
inside,  and  let  it  sit  for  at  least  12 
hours.  When  properly  executed  — 
and  assuming  your  sensor  is  accurate 
— you  should  see  the  readings  rise  to 
75%.  You'll  note  in  Figure  2 that  I 
also  enclosed  a commercial  humidity 
gauge  for  comparison.  I found  that 
both  ran  a trifle  on  the  low  side. 

That's  it!  I don't  know  why  the 
manufacturer  couldn't  have  made 
this  a little  easier  to  unravel.  With  a 
more  complete  and  comprehensive 
datasheet,  I bet  they'd  sell  a lot  more. 

At  least  now,  you  have 
everything  necessary  to  get  the 
DHT22  up  and  running.  Try  this 
simple  test  rig  and  see  for  yourself! 
NV 
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Figure  1.  The  Model  B Raspberry  Pi.  On  the  left  is  the  SD  memory  card;  top  center  shows  the  RCA  composite  video  output; 
top  right  is  where  the  3.5  mm  stereo  audio  output  is  located.  On  the  right  is  the  dual  USB  connector;  in  the  lower  right  is  the 
RJ45  Ethernet  connector;  bottom  center  shows  the  HDMI  connector. 


With  the  cost  of  most  things  continually  on 
the  rise,  it  is  pleasing  to  note  the  price  of  our 
intelligent  gadgets  and  that  of  compute  power 
continues  to  fall.  The  cost  of  computing  power 
dropped  again  with  the  introduction  of  the 
Raspberry  Pi  (RPi)  — an  ARM  processor  based 
Linux  workstation  the  size  of  a credit  card 
(see  Figure  1).  This  computing  marvel  was 
developed  in  the  UK  by  the  Raspberry  Pi 
Foundation  (a  UK  registered  charity)  with  the 
idea  of  getting  students  interested  in  computer 


science  by  making  it  cheap  enough  for  anyone 
to  afford,  and  fun  enough  to  capture  their 
interest.  The  Raspberry  Pi  Foundation 
understands  computers  and  programming  are 
integral  to  the  future,  but  noticed  fewer 
students  getting  into  computer  science.  With 
the  RPi,  they  hope  to  rekindle  the  excitement 
over  microprocessors  that  many  of  us  felt  in 
the  1970s  and  1980s.  I,  for  one,  caught  the 
computer  bug  at  that  time  and  haven't  ever 
gotten  over  it. 
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Discuss  this  article  in  the  Nuts  & Volts  forums  at  http://forum.nutsvolts.com. 


While  the  Raspberry  Pi  Foundation's  focus  is  on 
the  educational  market,  there  has  been  major 
demand  for  RPis  in  the  DIYer/hacker 
community.  A Google  search  for  Raspberry  Pi  on  the 
Internet  will  net  you  seemingly  endless  projects  people  are 
powering  with  RPis. 

It  is  important  to  note  an  RPi  is  a bare  bones  single 
board  computer  built  as  inexpensively  as  possible.  When 
you  buy  an  RPi,  you  don't  get  a case,  power  supply,  display, 
keyboard,  mouse,  cables,  or  storage  device.  All  peripherals 
must  be  purchased  separately.  The  idea  is  to  connect  your 
RPi  to  a USB  power  source,  a TV  set  with  HDMI  input,  a 
USB  keyboard,  and  mouse.  Even  with  the  additional  cost  of 
the  required  peripherals,  a computer  system  based  on  an 
RPi  is  still  a bargain. 

The  Raspberry  Pi  Foundation  has  standardized  on  two 
models  of  the  RPi  hardware  (Table  1)  and  have  also 
standardized  on  Python  as  the  programming  language.  If 
you  don't  program  in  Python,  don't  worry.  Many 
programming  languages  are  available  for  use  with  your  RPi, 
including  Assembler,  C,  C++,  Java,  Basic,  plus  various  shell 
languages.  As  an  added  bonus,  most  of  the  software 
development  tools  for  your  RPi  are  free  and  open  source 
which  lowers  the  barrier  to  entry  even  further. 


TABLE 

1.  Raspberry  Pi  Specs. 

Feature 

Model  A 

Model  B 

Suggested  Retail  Price 

$25.00 

$35.00 

CPU 

700  MHz  ARM11  with  hardware  floating  point 

GPU 

Capable  of  1080p  video 

Memory 

256  MB  shared  with  GPU 

512  MB  shared  with  GPU 

USB  Ports 

1 

2 

Video  Outputs 

HDMI  and  composite  video 

Audio  Outputs 

Stereo  3.5  mm  jack  + HDMI 

Onboard  Storage 

SD  memory  card  up  to  128  GB 

Networking 

None 

10/100  Ethernet 

Connectivity 

8 x GPIO,  UART,  l2C,  SPI 

Size 

3.3"  x 2.1" 

Power  Requirement 

300  mA  - 1.5W 

700  mA  - 3.5W 

Official  Operating  System 

Raspbian  version  of  Linux 

Raspberry  Pi  verses  Arduino 

Many  people  — myself  included  — are  currently  using 
Arduino  controllers  in  many  of  their  embedded  projects. 
While  RPis  and  Arduinos  have  a lot  in  common,  they 
address  two  different  application  areas.  The  RPi  has  much 
more  computing  horsepower  (and  hardware  floating 
point)  than  any  of  the  Arduino  family,  but  much  less 
directly  useable  I/O  built  onto  the  board.  So,  the  RPi  is  a 
better  fit  for  video  applications,  robotics,  graphical 
applications,  or  anywhere  there  are  a lot  of  computations 
needing  to  be  done. 

Arduinos,  on  the  other  hand,  have  lots  of  I/O  pins 
which  can  source  and  sink  lots  of  current,  which  makes 
them  perfect  for  making  things  move,  taking  sensor 
measurements,  data  collection,  driving  arrays  of  LEDs,  etc. 
Arduinos  can  perform  many  of  the  same  computational 
tasks  as  RPis,  but  they  will  take  a lot  longer  to  do  so. 

Another  big  difference  between  an  RPi  and  an 
Arduino  is  the  idea  of  an  operating  system.  When  you 
program  an  Arduino,  you  write  code  and  use  libraries  that 
are  placed  directly  on  top  of  the  hardware.  If  you  need 
some  new  functionality,  you  either  code  it  yourself  or  find 
a library  that  provides  it  for  you.  Also,  most  code  written 
for  an  Arduino  is  single  threaded;  your  application  is  the 
only  thread  of  execution  running.  You  have  to  go  to  great 
lengths  to  run  multiple  threads  on  an  Arduino. 


The  RPi,  on  the  other  hand,  has  a full  blown,  mature, 
multitasking,  multiuser  version  of  the  Linux  operating 
system  running  on  it.  When  you  write  programs  for  an  RPi, 
your  code  runs  on  top  of  the  operating  system  and  for  the 
most  part,  is  intentionally  prevented  from  directly 
accessing  the  hardware.  This  makes  for  a more  robust  and 
reliable  computing  environment  as  any  violation  of  the 
rules  established  by  the  operating  system  will  cause  your 
application/program  to  be  terminated,  but  will  not  take 
the  whole  computer  system  down. 

A down  side  of  the  operating  system  approach  is  the 
learning  curve.  It  can  take  years  to  fully  understand  Linux 
and  what  it  is  capable  of.  Luckily,  you  don't  need  to 
understand  all  of  Linux  to  put  it  to  work.  Finally,  Linux  is  a 
multiuser  operating  system  meaning  that  multiple  people 
can  be  logged  in  at  the  same  time,  and  each  can  be  doing 
unrelated,  meaningful  work  without  knowledge  of  each 
other.  By  extension,  this  means  your  RPi  can  support 
many  simultaneous  users  if  your  application(s)  require  it. 

Arduinos  and  RPis  both  use  the  concept  of  shields  to 
provide  additional  hardware  features  not  found  on  the 
basic  devices  themselves.  While  Arduino  shields  plug 
directly  onto  the  Arduino  printed  circuit  board  (PCB),  the 
RPi  equivalent  is  attached  with  a ribbon  cable.  Since 
Arduinos  have  been  around  longer,  there  are  more  shields 
available  for  it  than  for  RPis  but  this  situation  is  quickly 
changing.  Soon  there  will  be  shields  available  for  both 
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platforms  that  perform  just  about  any  function  you  can 
dream  up. 

Table  2 provides  a basic  comparison  between  the 
Raspberry  Pi  and  the  Arduino  families  of  computing  devices. 


TABLE  2.  Raspberry  Pi  vs.  Arduino. 

Feature 

Raspberry  Pi 

Arduino 

Suggested  Retail  Price 

~$25  to  $35 

~$22  to  $65 

CPU 

700  MHz  ARM  with 
hardware  floating  point. 

Overclocking  can 
increase  performance. 

ATMega  Family  with  clock 
speeds  of  8 MHz  or  16 
MHz.  Software  floating 
point  only. 

GPU 

Built  in 

None 

Memory  (RAM) 

256  MB  or  512  MB 

2K  to  8K 

USB  Ports 

1 or  2 

1 

Video  Outputs 

HDMI  and  composite 
video 

None 

Audio  Outputs 

Stereo  3.5  mm  jack  + 

HDMI 

None 

Onboard  Storage 

SD  card  up  to  128  GB 

32K  to  256K  Flash 

Networking 

None/10/100  Ethernet 

None 

Connectivity 

8 x GPIO,  UART,  l2C,  SPI 

Up  to  54  GPIO,  10-bit  ADC, 
USART,  TWI,  SPI 

Size 

3.3"  x 2.1" 

Various  sizes  from 
postage  stamp  size  to  2.1" 
x 4.0" 

Power  Requirement 

1.5W  to  3.5W 

>=0.5W  depending  upon 
loads  driven 

Official  Operating  System 

Raspbian  Linux 

No  operating  system 

NOTE:  The  Arduino  Duo  has  been  left  out  of  this  comparison  because  it  is 
ARM  instead  of  ATMega  based. 

Configuring  Your  RPi 

What  I hope  to  do  in  this  article  is  to  show  you  how 
to  bring  up  a brand  new  RPi  so  you  can  start 
experimenting  with  it.  You  will  need  the  following: 

1 . A Raspberry  Pi  Model  A or  B. 

2.  A USB  power  supply/charger  capable  of  500  mA 
or  more  with  USB  cable. 

3.  An  SD  memory  card  (and  card  reader/writer)  that 
is  at  least  2 GB  in  size. 

4.  A monitor  or  TV  with  an  HDMI  input. 

5.  A USB  keyboard  and  mouse.  It  is  best  if  both  of 
these  devices  work  through  a single  USB 
connection. 

6.  A network  your  RPi  can  connect  to. 

The  first  step  in  the  process  is  to  download  the 
latest  Raspbian  Wheezy  version  of  Linux  from 

www.raspberry 

pi.org/downloads  and  transfer  it  to  your  SD  memory 
card.  How  this  is  done  depends  on  the  type  of 
computer  you  are  using.  Detailed  instructions  for 
Windows,  Mac  OSX,  and  Linux  are  available  at 

elinux.org/RPi_Easy_ 

SD_Card_Setup.  With  the  operating  system  on  the  SD 
card,  insert  the  SD  card  into  your  RPi,  connect  the 
monitor,  keyboard,  mouse,  Ethernet  cable,  and  power 
supply.  Your  RPi  should  boot  up  when  power  is  applied, 
and  in  the  process  you  should  see  the  boot  messages 
racing  past  on  your  monitor. 

Once  the  initial  boot  completes,  the  RPi 
configuration  program  raspi-config  automatically  runs; 
refer  to  Figure  2.  From  here,  you  set  your  initial 
configuration  and  (in  a sense)  Americanize  your  RPi. 
Remember  the  RPi  is  a product  from  the  UK,  so  initially 
was  configured  for  UK  users.  Each  of  the  provided 
menu  items  are  described  in  Table  3 and  suggest  how 
you  might  want  to  set  each  one.  If  you  don't  understand 
what  these  configuration  items  do,  don't  worry.  Just 
follow  my  lead.  Use  the  keyboard  arrow  keys  to  move 
through  the  menu  items  and  the  return/enter  key  to 
select  the  highlighted  one. 

If  you  made  changes  to  the  defaults, 


Raspi - conf ig 


linf  o 

Information  about  this  tool  1 

expand_rootf s 

Expand  root  partition  to  fill  SD  card 

overscan 

Change  overscan 

conf igu re_key board 

Set  keyboard  layout 

change_pass 

Change  password  for  'pi1  user 

change_locale 

Set  locale 

change_timezone 

Set  timezone 

memory_split 

Change  memory  split 

overclock 

Configure  overclocking 

ssh 

Enable  or  disable  ssh  server 

boot_behaviour 

Start  desktop  on  boot? 

update 

Try  to  upgrade  raspi-config 

<Select> 

<Finish> 

you  will  be  asked  to  reboot  in  order  for 
them  to  take  effect.  Do  so  now,  if 
necessary.  When  your  RPi  comes  back 
up,  it  will  be  running  with  the 
configuration  changes  you  just  made. 

If  you  ever  want  to  change  the 
configuration  again,  run 
sudo  raspi-config  from  a shell. 


Figure  2.  The  raspi-config  screen. 
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1 

Table  3 

Menu  Item 

Short  Description 

Long  Description 

Info 

Information  about  this  tool 

You  can  skip  this  as  it  just  provides  information  about  raspi-config. 

expand_rootfs 

Expand  root  partition  to  fill  SD  card. 

The  Raspbian  software  requires  about  2 GB  of  space  on  the  SD  memory  card.  Running  this  menu 
item  allows  your  RPi  to  use  all  available  space  on  the  SD  card  if  you  use  a larger  SD  card.  Do  this 
if  you  are  using  an  SD  card  larger  than  2 GB. 

overscan 

Change  overscan 

If  you  see  black  borders  around  the  sides  of  the  display  when  running  the  graphical  desktop,  you 
can  disable  overscan  with  this  menu  item.  In  most  cases, this  will  clearthings  up. 

configure_keyboard 

Set  keyboard  layout 

By  default,  a Generic  105-key  (Inti)  PC  keyboard  is  selected.  If  you  cannot  find  your  specific 
keyboard  on  the  long  list,  choose  Generic  101 -key  PC.  You'll  be  asked  two  more  questions  and  you 
should  probably  answer,  "The  default  for  the  keyboard  layout"  and  "No  compose  key." 

change_pass 

Change  password  for  'pi'  user 

All  RPis  start  out  with  the  same  user/password.  If  security  is  important  for  your  application,  you 
should  change  the  password  for  the  pi  user. 

changejocale 

Set  locale 

A locale  is  a set  of  parameters  that  defines  a user's  language,  country,  and  special  preferences  a 
user  wants  to  see  in  their  user  interface.  The  default  is  en_GB.UTF-8  UTF-8.  Find  this  on  the  list 
and  deselect  it  by  hitting  the  space  bar.  Next,  find  the  US  locale  en_US. UTF-8  UTF-8  and  select  it. 

change_timezone 

Settimezone 

Find  yourtimezone  and  select  it. 

memory_split 

Change  memory  split 

Leave  this  alone  unless  you  know  exactly  what  you  are  doing. 

overclock 

Configure  overclocking 

RPis  were  designed  to  run  at  a 700  MHz  clock  rate.  It  has  been  found  that  overclocking  can  be 
used  to  provide  higher  performance  but  with  some  risk  of  doing  damage.  1 always  choose  Modest 
overclocking  which  increases  the  clock  rate  to  800  MHz  but  doesn't  increase  the  voltage  to  the 
processor.  Use  at  your  own  risk. 

ssh 

Enable  or  disable  ssh  server 

Enable  ssh  if  you  plan  on  logging  into  you  RPi  remotely. 

boot_behaviour 

Start  desktop  on  boot? 

Select  this  menu  item  and  then  select  Yes  if  you  would  like  your  RPi  to  boot  directly  into  the 
graphical  desktop.  Otherwise,  you  will  interact  using  a shell/command  line  interface. 

update 

Try  to  upgrade  raspi-config 

1 suggest  you  don't  do  this  yet  as  we  will  be  updating  all  the  Raspbian  software  shortly. 

Interacting  With  Your  Raspberry  Pi 


Once  configuration  of  your  RPi  is  complete,  you  have 
numerous  ways  of  interacting  with  it.  You  can: 

1.  Log  in  (user  "pi"  — password  "raspberry")  directly 
using  an  attached  USB  keyboard  and  monitor,  and 
interact  via  the  bash  shell's  command  line. 


2.  Log  in  directly  using  an  attached  USB  keyboard, 
mouse,  and  monitor,  and  start  the  graphical 
desktop  by  typing  startx.  The  RPi's  graphical  user 
interface  is  similar  to  Windows.  Take  a look  at 

Figure  3. 

3.  You  can  log  in  to  your  RPi  remotely  using  ssh  from 
a remote  computer.  Say,  for  example,  the  IP 
address  of  your  RPi  is  192.168.0.13  (the  IP  address 
can  be  seen  in  the  boot  messages).  From  a 
shell/command  line  on  your  remote  computer,  you 
would  log  in  with  ssh  pi@192. 168.0.13,  and  you 
would  then  be  asked  for  your  password 
("raspberry"). 

4.  Lastly,  you  can  use  the  power  of  XWindows  and 
redirect  your  RPi's  desktop  to  your  remote 
computer.  How  this  is  done  depends  on  what  type 
of  computer  you  are  using  (there  isn't  space  here  to 
adequately  describe  all  the  possibilities).  Google 
Raspberry  Pi  remote  access  XWindows  and  you  will 
find  the  information  you  need. 

To  shut  down  your  RPi  system,  you  can  type  sudo 
shutdown  -h  now.  Note,  it  is  important  to  shut  down  your 
RPi  before  you  remove  power  so  that  all  data  will  be 
correctly  written  to  storage. 

Resources 


The  Raspberry  Pi  Foundation 

www.raspberrypi.org/about 

An  introduction  to  simple  Linux  commands 

http://elinux.org/CLI_Spells 

The  MagPi  — a free  Raspberry  Pi  magazine 

www.themagpi.com 

Craig  can  be  contacted  at  calhjh@gmail.com. 
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Software  Update 

To  complete  the  installation/configuration  process  for 
your  RPi,  you  should  update  the  installed  software  to  the 
latest  version  possible.  Even  though  you  started  with  the 
newest  Raspbian  release,  many  changes  have  been  made 
to  components  of  this  version  since  it  was  made  available 
to  the  public. 

Directly  from  a shell  or  using  the  LXTerminal  window 


on  the  desktop,  execute  the  following  series  of 
commands: 

sudo  apt-get  -y  update 
sudo  apt-get  -y  dist-upgrade 

This  will  cause  your  RPi  to  find,  download,  and  install 
the  latest  versions  of  all  of  the  component  parts  of  the 
Raspbian  software.  With  this,  your  RPi  is  up  to  date. 


A Family  Friendly 
Development  Platform 

It  turns  out  the  only  HDMI  display  I had 
in  my  home  was  the  family's  only  TV  set. 
While  using  the  TV  as  a monitor  was  fine  for 
a while,  I needed  a longer  term  solution.  That 
is  when  I discovered  the  AT&T  laptop  dock 
(lapdock)  for  the  Motorola  ATRIX  4G 
smartphone.  While  this  discontinued  product 
was  built  to  provide  a laptop  computer 
interface  to  a smartphone,  it  turns  out  to 
work  great  with  a Raspberry  Pi.  Consider  the 
lapdock's  features: 


The  best  thing  about  the  lapdock  was  I was  able  to 
buy  it  for  $50  online  which  is  a lot  of  functionality  for 
my  money.  Of  course,  since  the  lapdock  was  not 
designed  for  the  RPi,  it  requires  a bit  of  effort  to  use. 
Specifically,  the  lapdock  has  two  connections  we  have  to 
deal  with:  a male  micro  USB  connector  and  a male 
micro  HDMI  connector.  On  the  RPi,  the  HDMI 
connector  is  a full  sized  female  connector  and  the  USB 
connections  are  normal  sized  female  connectors. 

The  HDMI  interface  is  taken  care  of  by  a HDMI 
male  to  micro  HDMI  female  adapter  I found  on 
DealExtreme  for  $4.10.  Unfortunately,  I wasn't  so  lucky 
on  the  USB  side  of  things.  I needed  a short  USB  cable 
with  a female  micro  USB  connector  on  one  end  and  a 
full  size  male  connector  on  the  other.  I ended  up  buying 
two  cables  with  the  required  connectors,  cutting  them 
apart,  and  then  soldering  the  two  cables  together. 

Figures  4 and  5 show  what  the  finished  configuration 
looks  like.  Normally,  I connect  the  RPi  to  the  lapdock 
with  the  HDMI  adapter  and  my  custom  cable.  I then 
plug  my  wireless  adapter  into  one  of  the  USB  ports  on 
the  lapdock,  and  sometimes  a Flash  drive  into  the  other. 


A high  resolution  11.6"  HDMI  monitor. 

A full  keyboard. 

A large  touchpad. 

A built-in  USB  hub  with  two  external 
USB  2.0  ports. 

Stereo  speakers. 

Internal  rechargeable  battery  that  provides  up  to 
eight  hours  of  power. 

An  external  power  supply. 

A super  thin,  sleek  design  that  weighs  just 
2.4  pounds. 
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A First  Application 

If  you  followed  the  directions  given  in  this 
article,  you  probably  have  a working  RPi  that  you 
are  now  wanting  to  do  something  with.  For  your 
first  application,  how  about  a simple  web  server 
that  can  deliver  multimedia  content  (images, 
videos,  text,  music  files)  on  your  local  area 
network.  Would  you  be  impressed  if  I told  you  this 
can  be  done  with  just  one  line  of  code?  Try  this: 

1.  From  a shell  window,  create  a subdirectory 
off  of  your  home  directory;  something  like 
website , for  example.  Use  the  following 
command:  mkdir  website. 

2.  Copy  the  files  index.html  and 
underconstruction.jpg  available  at  the 
article  link  into  this  new  directory.  You  can 
either  use  the  scp  command  to  copy  the 
files  between  machines,  or  copy  the  files  to  a 
USB  Flash  drive,  then  connect  it  to  your  RPi 
and  copy  the  files  from  there. 

3.  Change  to  your  new  directory  using  the  command 
cd  website. 

4.  Execute  the  following  one  line  command: 
python  -m  SimpleHTTPServer. 

5.  From  a computer  on  your  local  network,  hit  port 
8000  on  your  RPi.  If  your  IP  address  is 

1 92.1 68.0.1 3,  for  example,  in  your  browser's 
address  bar  type  http://1 92.1 68.0.1 3:8000. 

If  all  is  well,  you  should  see  the  image  in  Figure  6. 
You  now  have  a functioning  web  server  to  play  with. 


Nuts  and  Volts  Magazine 
from  the  article  Raspberry  R Anyone  ? 
by 

Craig  A.  Lindlcy 


IS  (URGENTLY  UKDEH  CQMSTHIETIQN.  PLEASE  CtMi  BY  AS  AIK. 


Congratulations  your  website  is  up  and  running. 

You  can  now  add  your  content  and  link  to  it  via  this  index.html  page. 


Figure  6.  Simple  Webserver  home  page. 


Conclusion 


The  Raspberry  Pi  represents  a breakthrough  in  low 
cost  computing  power.  It  is  a nice  platform  for  learning 
about  computers  and  Linux,  as  well  as  for  multimedia 
and  other  computing/math/graphics  intensive 
applications.  I hope  the  Raspberry  Pi  Foundation 
succeeds  in  its  quest  to  bring  more  people  into  computer 
science  as  it  is  a great  career  to  have;  at  least  it  has  been 
for  me.  Next  time,  I will  show  you  how  to  turn  your  RPi 
into  an  Internet  radio  and  music  file  player.  Until  then, 
have  fun  with  your  new  piece  of  Raspberry  Pi! 


See  our  ad  on  page  31  for  specials  on  two  related  books:  Programming  the  Raspberry  Pi:  Getting  Started  with  Python  and 
Getting  Started  with  Raspberry  Pi.  Or,  visit  our  webstore  at  http://store.nutsvolts.com! 


Chip  Adapters 
Test  Leads,  Proto  Boards 

Special:  1 5%  Off  Adapters 
Coupon  Code:EZNuts15 

www.EZPrototvDes.com 
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C PROGRAMMING  - HARDWARE  - PROJECTS 


#56 

WORKSHOP 


ARDUINO  PROTO  SHIELD 
ALARM  CLOCK 


Last  month,  we 
looked  in  detail 
at  the  Arduino  alarm 
clock  software  on 
the  PC  side.  Then, 
we  looked  at  how 
date  and  time 
data  are  handled 
on  PCs  and 
microcontrollers. 
Finally,  we  began 
looking  at  the 
Arduino  side  of  the 
software.  This 
month,  we  will  dig 
deeper  into  the 
software. 


■ FIGURE  1.  Proto  shield  alarm  clock  on  breadboard  and  PCB. 


THE  ALARM  DATA 


As  mentioned,  last  month  we  looked  at  how  the  dates  and  times  are  stored  on 
the  PC  and  began  to  look  at  how  they  are  stored  on  microcontrollers.  Since  we  are 
using  the  RTClib  library  for  the  DS1307,  we  will  use  some  of  that  library's 
conventions  for  storing  dates  and  times.  As  we  saw  back  in  Workshop  48,  the 
DS1307  RTC  (real  time  clock)  keeps  the  dates  and  time  in  10  bytes  of  binary  coded 
decimal  numbers.  The  RTClib  provides  a way  to  convert  that  into  Unix  time,  which  is 
a 32-bit  number.  So,  we  can  store  it  in  four  bytes. 

We  also  have  several  other  parameters  associated  with  each  alarm  including  the 
type  of  alarm,  if  the  alarm  is  set,  and  if  the  alarm  has  tripped.  We  store  these  latter 
three  pieces  of  information  in  three  variables,  each  being  one  byte. 

So,  the  total  data  for  each  alarm  is  seven  bytes,  which  is  shown  for  alarm  1 
as  follows: 


uint8_t  alarml_dtl 
uint8_t  alarml_dt2 
uint8_t  alarml_dt3 
uint8_t  alarml_dt4 
uint8_t 
uint8_t 
uint 8 t 


//  first  8-bits  of  the  32-bit  unix  datetime 
//  second  8-bits  of  the  32-bit  unix  datetime 
//  third  8-bits  of  the  32-bit  unix  datetime 
//  fourth  8-bits  of  the  32-bit  unix  datetime 
alarml_type;  //  the  type  of  alarm 
alarml_is_set ; //  is  the  alarm  set? 

alarml_is_tripped;  //  has  the  alarm  tripped? 
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Since  we  have  five  alarms,  this  pattern  is  repeated  five 
times  giving  us  35  bytes  to  store.  Fortunately,  the  Arduino 
has  a simple  EEPROM  library  that  we  can  use  for  this.  This 
library  has  three  functions  that  let  us  write,  read,  or  clear 
any  byte  in  the  EEPROM.  To  keep  things  simple,  we  will 
use  a write_alarms()  and  a read_alarms()  function  that  will 
write  or  read  all  five  alarms  at  one  go.  The  write_alarms() 
function  follows  this  pattern: 


void  write_alarms ( ) 

{ 

EEPROM .write 

(0, 

alarml_dtl) ; 

EEPROM .write 

(1, 

alarml_dt2 ) ; 

EEPROM .write 

(2, 

alarml_dt3) ; 

EEPROM .write 

(3, 

alarml_dt4) ; 

EEPROM. write 

(4, 

alarml_type) ; 

EEPROM .write 

(5, 

alarml_is_set ) ; 

EEPROM .write 

(6, 

alarml_is_tripped) ; 

//  alarms  2, 

3 , 

and  4 

EEPROM .write 

(28 

, alarm5_dtl) ; 

EEPROM .write 

(29 

, alarm5_dt2 ) ; 

EEPROM .write 

(30 

, alarm5_dt3); 

EEPROM .write 

(31 

, alarm5_dt4) ; 

EEPROM .write 

(32 

, alarm5_type) ; 

EEPROM .write 

(33 

, alarm5_is_set ) ; 

EEPROM .write 

(34 

, alarm5_is_tripped) 

} 


The  read_alarms()  function  follows  this  pattern: 


void  read_alarms ( ) { 

alarml_dtl  = EEPROM . read ( 0 ) ; 
alarml_dt2  = EEPROM . read ( 1 ) ; 
alarml_dt3  = EEPROM . read (2  ) ; 
alarml_dt4  = EEPROM . read (3 ) ; 
alarml_type  = EEPROM . read ( 4 ) ; 
alarml_is_set  = EEPROM . read ( 5 ) ; 
alarml_is_tripped  = EEPROM . read ( 6 ) 


//  alarms  2,3,  and  4 


alarm5_dtl  = EEPROM . read ( 2 8 ) ; 
alarm5_dt2  = EEPROM . read (29 ) ; 
alarm5_dt3  = EEPROM . read (3 0 ) ; 
alarm5_dt4  = EEPROM . read (3 1 ) ; 
alarm5_type  = EEPROM . read ( 32  ) ; 
alarm5_is_set  = EEPROM . read ( 33 ) ; 
alarm5_is_tripped  = EEPROM . read ( 34 ) 


WHAT  ABOUTTIME  ZONES  (TZ)  AND 
DAYLIGHT  SAVINGSTIME  (DST)? 

Oh  bother!  Both  TZ  and  DST  are  a pain  for  time 
keeping.  They  are  political  constructs  and  vary  all  over  the 
place.  Don't  get  me  wrong  here;  they  are  good  ideas  for 
people  and  productivity,  but  for  keeping  track  of  time  — 
not  so  much.  I noticed  the  problem  for  our  particular 
application  when  I suddenly  saw  that  my  Arduino  alarm 
clock  had  lost  an  entire  hour  overnight  — according  to  the 
PC,  anyway. 

Of  course,  all  the  clocks  in  my  house  had  to  be  set 
back  manually  — that  I'm  used  to  — but  what  about  my 
desire  to  be  able  to  keep  track  of  time  on  the  Arduino 
automatically  and  have  it  cross-checked  by  plugging  it  into 
a PC  and  running  the  C#  alarm  clock  application? 

Then,  it  occurred  to  me  that  I might  visit  relatives 
three  time  zones  to  the  west,  so  if  I plug  my  alarm  clock 
into  my  PC,  is  it  going  to  be  three  hours  off?  How  in  the 
heck  am  I supposed  to  use  the  PC  to  set  the  time  and 
keep  it  calibrated? 

It  just  so  happens  that  the  C#  DateTime  class  has  all 
sorts  of  features  for  dealing  with  this  on  the  PC,  which 
gets  it  time  base  off  the  Internet  and  is  pretty  darn 
accurate.  If  we  keep  the  Arduino  plugged  into  a PC  so 
that  it  will  know  when  you  change  TZ  or  DST,  then  why 
even  bother  with  the  RTC  module?  Should  we  build  some 
sort  of  comprehensive  Arduino  library  to  help  us  keep 
track  of  changes  in  TZ  and  DST?  Sounds  like  a lot  of  work 
to  me  — especially  when  we  have  to  factor  in  that 
different  political  entities  deal  with  this  in  different  ways. 
This  might  be  worth  the  effort  if  our  purpose  here  is  to 
create  some  kind  of  universal  stand-alone  clock,  but  that 
isn't  our  goal. 

Your  bedside  alarm  clock  probably  doesn't  know  what 
TZ  it  is  in  or  the  state  of  DST,  so  you  set  those  things 
manually.  Should  an  inexpensive  Arduino  based  alarm 
clock  be  any  different?  Maybe,  but  I want  to  keep  it 
simple  since  our  main  goal  is  to  learn  about  time  keeping 
on  a microcontroller,  and  the  secondary  goal  is  to  build 
software  for  letting  us  track  time  and  use  the 
microcontroller  to  do  things  at  specific  intervals. 

Fortunately,  lots  of  folks  have  faced  this  problem 
before  and  use  UTC  (Coordinated  Universal  Time  Code). 
[No,  that  isn't  a misprint  The  acronym  disagreeing  with  the 
name  is  the  result  of  an  argument  between  English 
speakers  who  wanted  to  use  CUT  and  French  speakers 
who  wanted  to  use  TUC,  with  the  usual  result  that  nobody 
got  what  makes  sense.]  UTC  time  is  the  inheritor  of  the 
GMT  or  Greenwich  Mean  Time  which  was  the  British 
Empire's  way  of  saying  that  we'd  set  all  our  clocks  right 
there  at  the  Royal  Observatory  in  London  and  everybody 
else  will  bloody-well  like  it. 
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■ FIGURE  2.  Added  UTC  time  to  PC  application. 
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■ FIGURE  3.  Arduino  code  modules. 


If  you  choose  to  use  UTC,  then  you  can  apply 
conversions  to  get  the  locally  accepted  time  in  your 
politically  specific  TZ  and  DST.  So,  we  are  going  to 
change  our  software  to  use  UTC.  The  modification  of  the 
C#  code  for  the  PC  side  of  the  Arduino  alarm  clock 
application  is  minor: 

labelUTCTime . Text  = DateTime .Now. ToUniversal 
Time ( ) . ToLongTimeString ( ) ; 

So,  to  help  us  keep  track,  I've  added  an  additional 
window  so  we  can  see  UTC  and  local  time  on  the  PC 
side,  while  only  displaying  UTC  on  the  Arduino  side  — 

see  Figure  2. 


HOWTHIS  CODE  IS  ORGANIZED 

Using  the  external  real  time  clock  module  (DS1307) 
to  keep  track  of  dates  and  times  is  the  core  of  our  project. 
However,  there  are  several  other  things  we  need  to  do  in 
the  software  that  are  more  general  housekeeping  type 
activities  in  order  to  have  a functioning  alarm  clock. 

These  include  receiving  commands  from  the  PC  that 
we  will  use  to  set  the  date,  time,  and  alarms,  and  how  we 
will  process  those  alarms  (which  includes  the  types  of 
audible  signals  we  can  emit  and  how  we  will  process  a 
user  button  press).  Plus,  of  course,  there  is  the  usual 
Arduino  front  end. 

All  together,  this  gives  us  four  fairly  separable  parts  of 
the  software: 

1.  Alarm_Clock  — Arduino  front  end 

2.  Commander  — PC  command  functions 

3.  Date_Time  — DateTime  functions 

4.  Process_Alarms  — Process  alarm  functions 

We  could  keep  all  this  code  on  a single  'page'  module 
like  we've  done  before,  but  this  project  has  a LOT  of  code 
and  some  of  it  — such  as  the  command  processing  section 
— is  generic  enough  that  we  might  want  to  keep  it 
separate.  This  gives  us  the  added  benefit  that  by  making  it 
generic,  we  can  easily  port  the  techniques  for  some  other 
project  that  needs  a command  processor  that 
communicates  with  a PC.  So,  for  this  project,  it  makes 
sense  to  divide  our  code  into  four  separate  modules, 
following  the  list  shown  previously. 

The  Arduino  has  a feature  where  you  can  keep 
separate  modules  in  a single  project.  Each  module  is 
available  in  the  editor  through  tabs  at  the  top  of  the  editor 
as  shown  in  Figure  3. 

Let's  discuss  the  code  in  each  module  as  separate 
items. 
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ALARM  CLOCK  - 
ARDUINO  FRONT  END 

The  Alarm_Clock  module  begins  with  variable 
definitions  and  initializations,  and  by  defining  constants. 
These  are  used  by  the  pushbutton  debounce  functions  to 
initialize  DateTime  structures,  to  declare  alarm  states,  and 
to  set  up  PC  communication  constants,  variables,  and 
arrays.  Of  particular  interest  is  the  #defitie  DEBUG 
definition.  If  this  is  left  as  is,  then  throughout  the  code 
debugging  messages  will  be  printed  to  the  serial  port.  For 
example,  in  the  Arduino  setup  function  we  have: 

# i f de f ined ( DEBUG ) 

Serial . println ( "DEBUG  mode"); 
pinMode ( 7 , OUTPUT) ; 
for(int  i = 0 ; i < 5;  i++){ 
digitalWrite (7 , HIGH) ; 

//  turn  the  LED  on  (HIGH  is  the  voltage  level) 
delay(250);  //  wait  for  1/4  second 

digitalWrite (7 , LOW) ; 

//  turn  the  LED  off  by  making  the  voltage  LOW 
delay(250);  //  wait  for  1/4  second 

} 

#endif 

So,  when  the  Arduino  starts  up  it  will  send  the  ' DEBUG 
Mode'  message  to  the  PC  and  it  will  blink  the  LED  five 
times.  Once  you  are  confident  that  the  code  works  as  you 
want  it  to,  you  simply  put '//'  in  front  of  the  define  as 
follows:  //# define  DEBUG.  Now,  DEBUG  will  not  be 
defined  and  the  debug  messages  will  not  be  printed.  I've 
left  this  in  the  final  code  since  I assume  this  alarm  clock 
software  will  be  heavily  modified  by  folks  wanting  to  apply 
it  to  specific  situations,  such  as  using  it  in  a data  logger. 

The  Arduino  loop()  function  holds  three  key  concepts 
for  this  program.  First,  it  processes  messages  from  the  PC 
by  checking  to  see  if  any  serial  characters  have  arrived,  and 
if  so,  it  calls  the  loadMessageArray()  function  that  deals  with 
PC  messages. 

Second,  it  processes  alarms  by  checking  to  see  if  the 
check_alarm  flag  has  been  set  (by  a timer  interrupt).  If  the 
flag  is  set,  then  it  checks  to  see  if  any  alarm  is  active.  If  one 
is,  then  it  calls  the  associated  function  for  that  alarm.  After 
checking  the  alarms,  the  flag  is  set  back  to  0,  allowing  the 
loopQ  to  loop  until  the  next  time  the  timer  sets  the  flag. 
This  flag  is  set  once  per  second. 

You  might  think  it  would  make  sense  to  just  check 
each  alarm  on  each  pass  of  the  loop,  but  doing  that  will 
quickly  overwhelm  the  system.  So,  checking  them  once 
per  second  leaves  time  to  do  other  things  in  the  loopQ. 
Alarms  are  on  one-second  boundaries,  so  it  makes  little 
sense  to  check  them  more  often.  One  second  might  not 
seem  like  much,  but  your  Arduino  will  do  nearly  1 6 million 
instructions  in  a second.  So,  it  has  lots  of  time  to  get  other 
things  done  between  possible  alarm  changes. 


Third,  the  loop  checks  to  see  the  state  of  the 
pushbutton.  It  uses  a debounce  method  to  make  sure  the 
button  is  really  pushed,  and  that  we  aren't  accepting 
glitches  or  button  bounces  as  press  release  sequences.  The 
debounce  button  state  — either  on  or  off  — is  shown  on 
the  LED. 

COMMANDER  - 
COMMAND  FUNCTIONS 

The  Commander  module  is  a generic  command 
processor  for  receiving  commands  from  a PC  application, 
like  the  alarm  clock  one  we  discussed  in  some  detail  last 
month.  This  application  structures  command  strings  that  it 
then  sends  to  the  Arduino  alarm  clock  program,  which 
interprets  and  acts  on  those  commands. 

The  command  parser  is  rather  simple-minded  and  uses 
a series  of  case  statements  to  analyze  the  incoming 
message.  For  our  particular  application,  we  terminate  each 
message  with  an  exclamation  mark  '!'  character  and 
separate  parts  of  the  message  with  a comma  character. 
These  are  defined  at  the  top  of  the  Alarm_Clock  module 
under  TERMINATOR  (the  '!')  and  SEPARATOR  (the  You 
can  change  them  as  needed  for  your  particular  application. 

In  the  main  Arduino  loop()  function,  the 
loadMessageArray()  function  in  the  Commander  module  is 
called.  It  loads  the  message  array  with  the  most  recent 
characters  from  the  PC  and  then  checks  for  the  terminator 
symbol.  If  it  is  found,  it  then  calls  the  parseArrayf)  function. 
If  it  isn't  found,  it  returns  and  the  loopQ  continues  with  the 
next  function.  This  allows  messages  to  come  in  piecemeal, 
and  lets  the  Arduino  do  other  stuff  while  the  message  is 
coming  in.  Let's  look  at  the  parseArrayQ  function: 

void  parseArrayO 
{ 

int  i = 0; 
int  j = 0; 

while ( (messageArray [ i ] !=  TERMINATOR)  &&  (i  < 

M AX_ME  S S AG  E ) ) 

{ 

while ( (messageArray [ i ] !-  SEPARATOR) 

{ 

commandArray [ j ++ ] = messageArray [ i++ ] ; 

} 

commandArray Count  = j ; 
parseCommand ( ) ; 
j = 0; 
i + + ; 

} 

messageArrayCount=0 ; 
initializeMessageArray ( ) ; 

//  Clear  the  receive  buffer  before  going  back 
//  to  the  loop ( ) 

while (Serial . available ( ) ) Serial . read ( ) ; 

} 
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This  function  runs  two  while  loops:  the  first  guards 
against  over-running  the  maximum  message  size  and 
stops  at  the  terminator;  the  second  separates  out  the 
leading  command  and  calls  the  parseCommand()  function 
which  runs  a case  statement  against  the  command's  first 
character.  If  a command  has  more  than  one  character, 
the  function  called  for  the  first  command  runs  another 
case  statement  for  the  second  character  in  the  command 
and  so  on,  until  the  full  command  is  parsed.  For  example, 
we  use  two  commands  with  the  same  first  character:  Ml 
and  MO.  [These  are  educational  examples  only  since 
they  merely  report  to  the  PC  that  they  have  been  called.] 
The  following  code  snippets  show  how  this  is  done: 

//  Parse  a command  from  the  PC  and  call  the 
//  function 

//  associated  with  the  command 
void  parseCommand ( ) 

{ 

switch  (commandArray [ 0 ] ) 

{ 

case  'A' : //  Set  Alarm  # 1 to  5 

ACase ( ) ; 
break; 

OTHER  CASES 

case  1 M 1 : //  Minute  (MI)  or  Month  (MO) 

MCase () ; 
break; 

OTHER  CASES 

} 

} 

LATER  IN  THE  CODE: 

//  Minute  (MI)  or  Month  (MO) 
void  MCase ( ) { 

#if  defined (DEBUG) 

Serial .println ( "MCase" ) ; 

#endif 

switch  (commandArray [ 1 ] ) 

{ 

case  'I1:  //  Minute 

MICase ( ) ; 
break; 

case  'O':  //  Month 

MOCaseO  ; 
break; 
default : 

Serial . println ( "MCase  Bad  command 

Array [ 1 ] . " ) ; 

break; 

} 

1 

//  Minute 
void  MICase ( ) { 


# i f de f ined ( DEBUG ) 

Serial . println ( "MICase " ) ; 

#endif 

} 

//  Month 
void  MOCase ( ) { 

# i f de f ined ( DEBUG ) 

Serial . println ( "MOCase " ) ; 

#endif 

} 

There  may  be  'better'  (more  general)  ways  to  parse 
commands,  but  this  is  about  the  simplest  I know  of  and  is 
sufficient  for  our  purposes. 

DATE_TIME  - DATETIME  FUNCTIONS 

Last  month,  after  discussing  how  dates  and  times  are 
handled  by  computers,  we  decided  to  use  Unix  concepts 
as  the  basis  for  keeping  track  of  dates  and  times.  The 
Date_Time  module  has  the  functions  we'll  need  to  keep 
the  data,  and  to  receive  it  from  and  send  to  the  PC.  Some 
of  the  functions  are  simple,  such  as: 

void  show_time ( ) 

{ 

DateTime  now  = RTC.now(); 

Serial .print ( "TIME" ) ; 

Serial .print (now. hour () , DEC); 

Serial .print (':'); 

Serial .print (now. minute ( ) , DEC) ; 

Serial .print (':'); 

Serial .println (now. second ( ) , DEC) ; 

} 

This  function  reads  the  RTC,  loads  a DateTime  type 
variable  with  the  current  time,  and  then  sends  it  out  the 
serial  port. 

Setting  the  Date  and  Time 

It  is  a bit  more  complicated  to  set  the  date  and  time 
on  the  RTC  using  data  from  the  PC.  The  PC  application 
has  the  following  line  of  code  for  sending  the  datetime 
string  to  the  Arduino: 

serialPortl . WriteLine ( " P " + _UnixTimeSpan . Total 
Seconds .ToString ( ) + 1 ! 1 ) ; 
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This  arrives  at  the  Arduino  as  the  command  string: 
"P################!"  where  all  the  '#'  are  the  Unix 
seconds  since  inception  (as  discussed  last  month).  The 
data  is  processed  by  the  setDateTimeToPC()  function: 

void  setDateTimeToPC ( ) { 
int  i ; 

uint32_t  myUnixTime  = 0; 
uint32_t  mult  = 1000000000; 
for (i=l ; i<=10 ; i++) { 

Serial . print (commandArray [ i ] -48 , DEC ) ; 
myUnixTime  + = (commandArray [i] -48 ) * 

mult  ; 

mult  = mult/10; 

if (commandArray [ i ] ==  1 -’) break ; 

} 

Serial . println ( " * \n" ) ; 

Serial . print (myUnixTime , DEC ) ; 

Serial . println ( " A\n" ) ; 

RTC. adjust (myUnixTime) ; 

} 

The  setDateTimeToPC  function  takes  these  # 
characters  and  subtracts  48,  thus  converting  the  ASCII 
character  for  the  number  into  the  actual  number  (ASCII 
48  is  the  character  0,  so  if  the  # is  48,  then  subtracting 


48  yields  0,  and  since  the  remaining  nine  digits  are 
sequential,  that  means  49  is  '1.'  Therefore,  49  - 48  = 1, 
and  so  forth.). 

The  function  then  multiplies  each  number  by  the 
multiplier  (1000000000),  and  each  subsequent  number 
by  the  multiplier  divided  by  10,  thus  converting  each 
character  of  the  Unix  datetime  string  into  the  numeric 
value  represented  by  that  character  at  that  position.  If  this 
isn't  clear,  it  might  be  a good  idea  to  get  a pencil  and 
paper  and  follow  the  code  presented.  You'll  then  quickly 
see  what  is  happening. 

Once  the  character  string  is  converted  to  a 32-bit 
number,  that  number  is  then  sent  to  the  RTC  with  the 
instruction  to  adjust  the  time  to  the  value  given. 

PROCESS  ALARMS  - 
PROCESS'ALARM  FUNCTIONS 

The  fourth  module  processes  the  alarm  functions. 
However,  we  have  run  out  of  space  again,  so  we  will 
continue  with  this  next  month.  Let's  try  not  to  lose  track 
of  what  we  are  doing  in  the  long  run  here.  We  are  taking 
several  articles  to  learn  to  do  a complete  Arduino-based 
design  — both  hardware  and  software  — ending  with  our 
own  custom-made  (in  Fritzing)  alarm  clock  printed  circuit 
board  and  robust  software  applications  for  it  on  the  PC 
and  the  AYR.  NV 


Arduino  Proto 
Shield  Alarm 
Clock  Kit 

This  article  is  Part  3 in  a 
series  based  on  the  Arduino 
proto  shield  alarm  clock  kit. 
This  kit  lets  you  build  an 
alarm  clock  circuit  on  a 
breadboard  and  port  that 
circuit  to  a PCB.This  kit  is  the 
basis  for  my  presentation  of 
how  to  do  a complete 
Arduino  design  cycle  using 
Fritzing  to  go  from  a 
breadboard  prototype, 
through  schematic  creation 
and  breadboard  layout,  and 
finally  producing  your  own 
printed  circuit  board. You  can 
get  the  kit  or  materials  that 
support  this  learning  activity 
from  the  Nuts  & Volts 
webstore. 
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NEARspace 


■ BY  L.  PAULVERHAGE 


APPROACHING  THE  FINAL  FRONTIER 


A SIMPLE  AIRFRAME  FOR  A 
SIMPLE  FLIGHT  COMPUTER  OR 
NEAR  SPACE  TRACKER 


I've  always  made  my  own 
near  space  airframes  from 
Styrofoam™.  However, 
there  are  times  I want  a 
simple  airframe  that's  quick 
to  assemble.  Enter  an 
insulated  lunch  box.  I will 
describe  for  you  how  I make 
my  conversions.  It  was 
actually  the  Treasure  Valley 
Near  Space  Program  and 
Nebraska  Stratospheric 
Amateur  Radio  (NSTAR) 
that  introduced  me  to  this 
simple  airframe. 
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The  backup  tracker 
for  this  near  space 
mission  is  housed 
inside  a lunch  box. 
Can't  recognize  it? 
It's  the  first  module 
below  the  recovery 
parachute. 


An  airframe  assembled  from 
Styrofoam  sheets  has  many 
benefits  — one  of  them  being 
that  it's  built  to  the  exact 
dimensions  desired.  On  the 
down  side,  such  an  airframe  can 
be  complicated  to  design  and 
construct,  which  means  they 
take  some  time  to  assemble.  In 
many  cases,  this  cost  in  time  and 
complexity  is  justified.  Just  ask 
any  satellite  designer  and  many 
of  them  will  agree. 

That  being  said,  there  has 
also  been  an  effort  to 
standardize  satellite  airframes. 
One  prime  example  of  this  is 
the  CubeSat  which  is  a 10 
centimeter  cube  which  is 
becoming  increasingly  popular 
with  universities. 

Newly  formed  near  space 
groups  needing  a tracker  or 
simple  flight  computer  can  begin 
launching  sooner  if  they  use  a 
standardized  airframe.  I believe 
that  converted  lunch  boxes  will 
make  a great  standardized 
airframe  for  trackers  and  simple 
flight  computers.  That's  the  kind 
I want  to  discuss  here. 

If,  however,  you're  interested 
in  the  design  and  construction 
of  more  complex  Styrofoam 
airframes,  consult  Chapter  1 of 
my  Near  Space  with  the  BASIC 
Stamp  e-book.  It's  available  at 
no  cost  from  Parallax.com. 
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NEAR  SPACE 


Discuss  this  article  in  the  Nuts  & Volts  forums  at  http://forum.nutsvolts.com. 


THE  NEAR  SPACE 
LUNCH  BOX  AIRFRAME 


Many  readers  use  a soft-sided 
reusable  lunch  box  to  bring  their 
meal  to  work  or  school.  These  are 
foam-insulated  bags  with  zippered 
enclosures.  Their  insulation  and 
convenient  size  makes  them  a 
great  airframe  for  near  space. 

After  beginning  a doctoral 
program  at  the  University  of 
Kansas,  I modified  my  first  lunch 
box  into  a near  space  airframe  for 
the  university's  aerospace 
engineering  department.  The  result 
was  an  inexpensive  backup  tracker 
for  the  department's  near  space 
flights.  I'm  pleased  with  the  results 
and  feel  it  worked  well  for  the  near 
space  APRS  tracker. 

You  can  build  one  with  the 
following  materials: 

• Insulated  soft-sided  lunch  box 

• Sheet  of  Coroplast* 

• Thick  foam  rubber  (one  or  two 
inches  thick  would  be  ideal) 

• One  inch  wide  woven-nylon 
strap** 

• Twelve  1 0-24  bolts 

• Twelve  1 0-24  nylon  lock  nuts 
(nylocks) 

• Twenty-four  fender  washers  for 
1 0-24  bolts 

• Four  heavy  duty  1 .5"  metal 
split  rings 

• Luggage  tag 

• Loud  piezo  alarm 

• Nine  volt  battery  snap 

I found  that  a hot  knife  or 
soldering  iron  is  a useful  tool  for 
modifying  a lunch  box. 

*Coroplast  is  a brand  of 
corrugated  plastic  sheet  that's  1/8" 
thick.  It's  available  from  local  plastic 
distributors  and  some  hobby  shops. 

**l  purchased  the  nylon  straps 
from  a local  fabric  store.  The  store 
staff  cut  six  feet  of  material  from  the 
roll  that  I brought  to  the  store's 
cutting  table. 


OVERVIEW  OF 
THE  MODIFICATION 

You'll  modify  the  insulated  lunch 
box  by  first  attaching  four  nylon 
straps  to  the  sides  of  it.  The  straps  let 
the  airframe  connect  to  a recovery 
parachute  (above)  and  other  modules 
like  BalloonSats  (below).  Then,  you'll 
add  a Coroplast  panel  to  the  back  of 
the  lunch  box  to  support  an  antenna 
and  audio  beacon. 


NYLON  STRAPS 

The  first  thing  to  do  is  attach  four 
nylon  straps  to  the  corners  of  the 
lunch  box.  Since  it's  difficult  to  sew 
straps  to  the  lunch  box,  they're 
bolted  to  it  instead.  Make  the  straps 
by  cutting  four  pieces  of  heavy  nylon 
ribbon  or  strap.  The  four  straps  are 
cut  to  the  same  length;  for  my  lunch 
box,  they  are  1 5 inches  long.  If  you 
are  modifying  a taller  lunch  box,  you 
may  need  to  use  longer  straps. 

After  cutting  the  straps,  melt  the 
cut  edges  of  the  strap  with  a lighter. 
This  prevents  the  edges  from  fraying. 
(It  takes  only  a small  amount  of 
melting  to  prevent  fraying.)  Next,  fold 
a strap  into  thirds  with  an  overlap 
that  leaves  a one  inch  loop  at  each 
end.  Figure  2 illustrates  how  you 
should  fold  the  straps. 

Take  the  folded  strap  and 
position  it  on  the  outside  of  the 


lunch  box  and  along  one  of  the 
edges.  Next,  determine  where  you 
will  place  the  bolts  that  will  attach 
the  strap  to  the  lunch  box.  Note  that 
each  bolt  needs  two  washers,  and 
that  one  of  the  washers  must  fit 
completely  inside  the  lunch  box.  This 
means  the  top  washers  can't  be  too 
close  to  the  top  where  it  interferes 


■ FIGURE  2. 

You  will 
need  four  of 
these  straps 
with  one 
inch  loops 
at  the  top 
and  bottom. 
Bolts  will 
attach  the 
straps  to 
the  lunch 
box  through 
three  layers 
of  the  nylon 
strap. 
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■ FIGURE  3. The  washers  add  strength  to  the  connection  between  the  straps 
and  the  lunch  box  by  increasing  the  area  compressed  together.  Notice  that  the 
top  bolt  is  far  enough  below  the  lid  zipper  so  that  it  doesn't  interfere  with 
opening  the  zippered  lid. 


with  the  lunch  box  zipper. 

In  addition,  the  bottom  washer 
can't  be  too  close  to  the  bottom 
where  it  can't  fit  inside  the  lunch 
box.  Now,  use  a hot  knife  or 
soldering  iron  to  melt  two  holes 
through  the  strap  and  lunch  box. 

Place  a washer  on  a bolt  and 
push  the  bolt  through  the  bottom 
hole  in  the  lunch  box,  with  the  head 
of  the  bolt  on  the  inside.  Then,  line 
up  the  strap's  bottom  hole  and  push 
the  strap  onto  the  bolt.  Put  a second 
washer  over  the  bolt,  followed  by  the 
nylock.  Don't  tighten  the  nylock  fully 


at  this  time.  Repeat  a second  time  for 
the  top  hole.  Now,  tighten  both 
nylocks. 

This  attaches  the  strap  tightly  to 
the  side  of  the  lunch  box,  with  the 
nuts  and  bolts  "sandwiching"  the 
strap  to  the  lunch  box.  Repeat  these 
steps  for  the  other  three  straps. 

Next,  add  the  split  rings  to  the 
nylon  straps.  One  split  ring  goes 
through  each  loop  at  the  end  (top 
and  bottom)  of  the  nylon  strap.  The 
rings  make  it  easier  to  connect  a 
parachute  and  other  modules  to  the 
airframe. 


ANTENNA  BOOM 

The  antenna  boom  is  a sheet  of 
Coroplast  that  attaches  an  antenna 
and  an  audio  locator  beacon  to  the 
airframe.  The  boom  is  connected  to 
the  back  of  the  lunch  box  in  the 
same  way  that  the  straps  are 
connected  to  the  sides  of  the 
lunch  box. 

Begin  by  cutting  a rectangular 
panel  of  Coroplast  three  inches  high 
and  six  inches  wider  than  the  width 
of  the  lunch  box.  Center  it  on  the 
back,  and  punch  four  holes  through  it 
and  the  back  of  the  lunch  box.  Then, 
bolt  it  to  the  lunch  box  using  nuts, 
bolts,  and  washers,  with  the  head  of 
the  bolts  inside  the  lunch  box. 

The  boom  will  extend  beyond 
both  sides  of  the  lunch  box  by  three 
inches.  That's  enough  space  for  the 
antenna  and  the  audio  beacon. 

The  first  thing  to  add  to  the 
antenna  boom  is  an  audio  locator 
beacon.  The  audio  locator  beacon  is 
a piezo  alarm  that  produces  a 
volume  of  at  least  80  dB.  I 
recommend  an  audio  beacon  like 
item  273-080  from  RadioShack. 

This  alarm  is  great  not  only 
because  it  is  loud  running  off  a nine 
volt  battery,  but  because  it  also  has 
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mounting  tabs. 

Start  by  soldering  a nine  volt 
battery  snap  to  the  piezo  alarm 
leads  and  cover  the  soldered 
connections  with  heat  shrink 
tubing.  Then,  use  a pair  of  small 
bolts  and  nylocks  to  attach  the 
piezo  alarm  to  the  boom. 

The  battery  wire  enters  into  the 
lunch  box  through  a hole,  so  find  a 
location  for  this  hole  in  a corner  of 
the  lunch  box  and  near  the  antenna 
boom.  Cut  the  hole  just  large 
enough  for  the  nine  volt  battery 
snap  to  push  through. 

Protect  the  alarm  wires  from 
getting  snagged  or  pulled  on  by 
using  a couple  of  nylon  zip  ties  to 
hold  the  wires  against  the  antenna 
boom. 

Mount  the  antenna  to  the 
other  side  of  the  antenna  boom. 

I strongly  encourage  the  use  of  an 
antenna  plate,  and  then  bolting  this 
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to  the  antenna  boom.  Since  the  antenna  gets  exposed  to 
the  cold  air  of  near  space,  don't  use  nylon  zip  ties  to  affix 
it  to  the  antenna  boom.  Instead,  attach  the  antenna  plate 
using  small  bolts  and  nylocks.  Don't  make  a hole  in  the 
lunch  box  for  the  antenna  cable  to  pass  into  the  lunch  box 
just  yet;  make  it  after  placing  the  radio  tracker  inside  the 
airframe. 

Finally,  add  the  luggage  tag  to  either  the  zipper 
handle  or  to  a split  ring.  On  the  luggage  tag,  write  your 
contact  information.  That  way,  if  the  tracker  gets  lost 
during  a mission  someone  coming  across  the  lunch  box 
will  know  how  to  contact  you. 


INTERIOR  OF  THE  AIRFRAME 


At  least  two  sheets  of  foam  rubber  and  a sheet  of 
Coroplast  are  stacked  together  to  fill  the  volume  of  the 
lunch  box  airframe.  Measure  the  interior  dimensions  of 
the  lunch  box,  and  cut  the  foam  rubber  and  Coroplast  to 
size.  If  this  stack  of  material  is  too  thin  to  fill  the  volume  of 
the  lunch  box,  then  add  additional  sheets  of  foam  rubber. 
These  additional  sheets  are  stacked  inside  the  empty 
lunch  box  before  the  other  three  layers. 
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ease. 

The  bottom  sheet  is  cushioning  for  the  radio  tracker 
and  GPS  receiver  when  the  module  lands.  It  also  holds  the 
battery  in  place.  Therefore,  cut  out  a pocket  in  the  bottom 
foam  rubber  sheet  large  enough  to  hold  the  battery.  Place 
the  cutout  near  one  edge  of  the  foam  rubber  so  that  it  is 
easier  to  insert  the  battery  prior  to  stacking  the  radio 
tracker.  Also,  make  the  cutout  just  large  enough  for  the 
battery  so  the  fit  is  tight  and  the  battery  doesn't  bounce 
around. 

The  second  layer  is  the  sheet  of  Coroplast.  This  is  the 
avionics  pallet  and  holds  the  radio  tracker.  I use  nylon  zip 
ties  to  attach  the  tracker  PCB  (printed  circuit  board)  since 
the  board  isn't  all  that  heavy.  I also  like  to  sandwich  a thin 
sheet  of  foamed  neoprene  between  the  PCB  and  the 
Coroplast  to  fill  in  space  between  them  that's  created  by 
the  soldered  wires  and  mounting  hardware. 

Before  going  any  further,  insert  the  bottom  foam 
rubber  sheet  and  avionics  pallet  into  the  airframe. 
Determine  the  natural  place  for  the  antenna  cable  to  pass 
through  the  wall  of  the  lunch  box  and  melt  a small  hole 
through  the  wall. 

The  final  top  layer  of  foam  rubber  stacks  on  top  of  the 
radio  tracker  and  provides  cushioning  for  the  GPS 
receiver. 

STACKING  THE  AIRFRAME 


Lay  the  battery  into  the  bottom  layer  of  foam  rubber 
and  connect  it  to  the  tracker.  Now,  stack  the  avionics 
pallet  on  top  of  the  bottom  sheet.  Next,  attach  the 
antenna  cable  and  the  GPS  module  to  the  radio  tracker. 

For  now,  let  the  GPS  receiver  dangle  over  the  edge  of  the 
lunch  box.  Then,  stack  the  top  layer  of  foam  rubber  over 
the  avionics  pallet. 

The  GPS  module  is  thin,  so  place  the  GPS  on  top  of 
the  top  layer  of  foam  rubber,  making  sure  the  antenna  of 
the  GPS  is  on  top.  In  other  words,  make  sure  the  GPS  isn't 
upside  down.  Now,  zip  the  lid  of  the  lunch  box  closed. 

The  lunch  box  airframe  is  now  ready  for  its  recovery 
parachute  and  the  other  modules  that  will  accompany  it 
on  its  near  space  mission. 

Onwards  and  Upwards, 
Your  near  space  guide  NV 


Nuts  & Volts 
Mobile  App! 


Check  it  out  now  at  your 
favorite  App  Store! 
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Additionally,  the  91  70/91  80 
series  has  built-in  overvoltage 
protection  (OVP),  overcurrent 
protection  (OCP),  and  a front 
panel  key-lock  function  to  prevent 
accidental  damage  to  a device 
under  test. 

The  91  70/91 80  series  of 
programmable  dual  range  DC  power 
supplies  begin  at  a list  price  of  $985 
and  are  all  backed  by  a standard 
three  year  warranty. 

7 & 12  MHz  DDS 
SWEEP  FUNCTION 

GENERATORS 

B&K  Precision  has  also  announced 
two  new  DDS  (direct  digital 
synthesis)  sweep  function  generators 
— models  4007B  and  401  3B  — which 
improve  upon  the  former  models 
4007DDS  and  4013DDS  with  an 
enhanced  user  interface,  as  well  as 
lower  prices. 

Models  4007B  and  401 3B  can 
generate  sine  and  square  waveforms 
from  0.1  Hz  to  7 MHz,  and  0.1  Hz 
to  12  MHz,  respectively.  Both  models 
also  output  triangle/ramp  waveforms 
from  0.1  Hz  to  1 MHz,  and  provide 
variable  output  voltages  from  0 to  10 
Vpp  into  50  ohms  or  20  Vpp  into 
open  circuit. 

These  new  models  offer 
affordable  solutions  to  educators, 
technicians,  and  hobbyists  who  need 
low  cost  entry-level  sweep  function 
generators  without  compromising  on 
quality. 

The  instruments  provide  linear 
and  logarithmic  sweep  functions, 
variable  DC  offset  from  -4.5V  to  4.5V 
(into  50  ohms),  and  adjustable  20% 
to  80%  duty  cycle  up  to  1 MHz  for 
square  and  triangle  waveform  output. 
A sync  output  is  accessible  on  the 
front  panel  for  outputting  TTL  level 
pulses  synchronized  to  the  main 
output. 

Also  backed  by  a standard  three 
year  warranty,  the  4007B  and  401 3B 
DDS  sweep  function  generators  list  at 
$375  and  $425,  respectively. 


For  more 
information, 
contact: 

B&K 

Precision 

Web:  www. 
bkprecision 
.com 
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GREAT  FOR  DIYers! 


Digital  Filmmaking  for  Beginners 
A Practical  Guide  to  Video 
Production 

by  Michael  Hughes 


Discover  how  to 
create  professional- 
quality  digital  videos 
— faster  than  you 
can  say  "lights, 
camera,  action." 

Digital  video 
cameras  are 
everywhere  — even 
on  our  phones!  But 
cameras  don't  make 
great  movies; 
filmmakers  do.  Written  by  a seasoned  pro 
with  40  years  of  teaching  experience, 
Digital  Filmmaking  for  Beginners  is  your  fully 
illustrated  introduction  to  all  technical 
aspects  of  digital  filmmaking. 

$24.95 


Howto  Diagnose  and  Fix 
Everything  Electronic 

by  Michael  Jay  Geier 

Master  the  Art  of  Electronics  Repair! 

In  this  hands-on 
guide,  a lifelong 
electronics  repair 
guru  shares  his  tested 
techniques  and 
invaluable  insights. 

How  to  Diagnose  and 
Fix  Everything 
Electronic  shows  you 
how  to  repair  and 
extend  the  life  of  all 
kinds  of  solid-state 
devices,  from  modern 
digital  gadgetry  to  cherished  analog  products 
of  yesteryear.  About  the  Author:  Michael 
Jay  Geier  began  operating  a neighborhood 
electronics  repair  service  at  age  eight  that 
was  profiled  in  The  Miami  News. 

$24.95 
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Basic  Electronics  for 
Tomorrow's  Inventors 

by  Nick  Dossis 
Learn  all  about  electronics  with 
hands-on  experiments  and  projects. 

This  great  book 
features  a variety 
of  simple, 
solder-free 
projects,  including 
an  LED  reading 
light,  electronic 
security  keypad,  IR 
target  practice 
game,  a real 
working 
telephone, 
temperature  and 
moisture  sensors,  spy  gadgets,  and  other 
neat  stuff.  Best  of  all,  these  experiments 
require  only  plug-and-play  “breadboards” 
and  other  commonly  available  parts. 
$19.95 


Electronics 
An  Introduction 

by  Jim  Stewart 
This  book  is 
designed  as  an  in- 
depth  introduction 
to  important 
concepts  in 
electronics.  While 
electronics  can  be 
highly  mathematical, 
this  text  is  not 
about  calculations. 

It  is  about  how 
electronic 

equipment  is  able  to  extract,  process,  and 
present  information  held  in  electrical 
signals.  If  you  are  in  — or  studying  to  be  in 
— a profession  that  requires  the  use  of 
electronic  equipment,  then  this  book  will 
provide  the  insight  necessary  to  use  such 
equipment  effectively. 

$33.95* 


Electronics 

An  Introduction 
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Build  Your  Own 
Electronics  Workshop 

byThomas  Petruzzellis 


BUILD  YOUR 
OWN  DREAM 
ELECTRONICS  LAB! 

This  value-packed 
resource  provides 
everything  needed  to 
put  together  a fully 
functioning  home 
electronics  workshop! 

From  finding  space  to 
stocking  it  with 
components  to  putting  the  shop 
into  action  — building,  testing,  and 
troubleshooting  systems. This  great  book 
has  it  all!  And  the  best  part  is,  it  shows  you 
how  to  build  many  pieces  of  equipment 
yourself  and  save  money,  big  time! 

Reg  Price  $29.95 
Sale  Price  $26.95 


Beginner's  Guide  to  ... 
Programming  the  PIC24/dsPIC33 

byThomas  Kibalo 
Kibalo  takes  you 
step  by  step 
through  the 
fundamentals  of 
programming  the 
PIC24H  which  can 
equally  be  applied 
to  the  dsPIC33. 

His  clear 

explanation  of  the 
inner  workings 
make  learning  the 
PIC24H/dsPIC33 
1 6-bit  architecture  easy.  His  code  examples 
demonstrate  how  to  perform  the  functions 
most  applications  require. The  hardware  is 
shown  in  a simple  breadboard  setup  so 
even  a beginner  can  build  it,  along  with 
very  few  extra  components  needed. 

$39.95* 
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HTML:  A Beginner's  Guide 

by  Wenay  Willard 

Create  highly  functional,  impressive  websites  in 
no  time.  Fully  updated  and  revised,  HTML  A 
Beginners  Guide,  Fourth 
Edition  explains  how  to 
structure  a page,  place 
images,  format  text, 
create  links,  add  color, 
work  with  multimedia, 
and  use  forms.You'll  also 
go  beyond  the  basics  and 
learn  how  to  save  your 
own  web  graphics,  use 
Cascading  Style  Sheets 
(CSS),  create  dynamic 
web  content  with  basic  JavaScript,  and  upload 
your  site  to  the  web.  By  the  end  of  the  book, 
you'll  be  able  to  build  custom  websites  using 
the  latest  HTML  techniques. 

$29.95 


Programming  PICs  in  Basic 

by  Chuck  Hellebuyck 
If  you  wanted  to  learn 
how  to  program 
microcontrollers,  then 
you've  found  the  right 
took!  Microchip  PIC 
microcontrollers  are 
being  designed  into 
electronics  throughout 
the  world  and  none  is 
more  popular  than  the 
eight-pin  version.  Now 
the  home  hobbyist  can 
create  projects  with  these  little 
microcontrollers  using  a low  cost 
development  tool  called  the  CHIPAXE 
system  and  the  Basic  software 
language.Chuck  Hellebuyck  introduces 
how  to  use  this  development  setup  to 
build  useful  projects  with  an  eight-pin 
PIC  1 2F683  microcontroller.  $14.95 


Master  and  Command  C 
for  PIC  MCUs 

by  Fred  Eady 
blaster  and  Command  C 
for  PIC  MCUfVolume  I 
aims  to  help  readers 
get  the  most  out  of 
the  Custom  Computer 
Services  C compiler 
for  PIC 

microcontrollers. 

The  author  describes  some  basic  compiler 
operations  that  will  help  programmers  par- 
ticularly those  new  to  the  craft  create  solid 
code  that  lends  itself  to  easy  debugging  and 
testing.  As  Eady  notes  in  his  preface,  a sin- 
gle built-in  CCS  compiler  call  (output_bit) 
can  serve  as  a basic  aid  to  let  programmers 
know  about  the  "health"  of  their  PIC  code. 
$14.95 
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BOOK  & KIT  COMBOS 
Proto  Buddy  Book  A Kit  Combo 


Circuitbuilding 

DUTIES 


For  complete  details  visit 


Follow  Smiley's  Workshop:  Fritzing  the  Arduino 


Arduino  Proto  Shield  Alarm  Clock  Kit 


Learn  to  do  a complete  Arduino 
project  development  cycle. 


Begin  by  building  a Real  Time  Clock 
on  a breadboard  shield.  Next,  transfer 
the  design  to  a PCB  shield.  Finally, 
learn  how  to  produce  a custom  printed 
circuitboard  using  Frtizing. 


$24.95 


’:ii  Wife:  Puzzled  by  the  Arduino? 


WwIiS-IiOp 


From  Smiley's  Workshop 


CD-ROM  SPECIAL 


The  Nute  & Vojts, 
PQ,eke,t;  Ref/ 

the  Info  you  need  at  your  fingertips! 

This  great  little  hook  is  a concise 
all-purpose  reference  featuring 
hundreds  of  tablet,  maps, 
formula^  constants  ft 
conversions. 

It  stilt  fits  in 
your  shirt  pocfcelt 
call  (600)  783^1624 
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PROJECTS 

3D  LED  Cube  Kit 


Gravimeter  Kit 


Gravity  is  that  mysterious  force  that  is 
hard  to  feel  when  it  changes. This  kit  is 
an  inexpensive  way  of  measuring  the 
changes  in  gravity  due  to  a wide  variety 
of  circumstances,  such  as  the  position 
of  the  moon  or  even  the  density  of  the 
terrain  you're  on. 

Subscriber’s  Price  $61.95 
Non-Subscriber’s  Price  $64.95 


Neon  Transistor  Clock  Kit 


Add  HIGH  VOLTAGE  to  your  clock! 

This  is  a Nixie  Tube  display  version  of  the 
Transistor  Clock.  It  uses  only  discrete 
components  — no  integrated  circuits. 
For  more  info,  see  the 
April  2012  issue. 

Subscriber’s  Price  $245.95 
Non-Subscriber’s  Price  $249.95 


PlirtPf |MP 

K 

80S* 

This  kit  shows  you  how  to  build  a 
really  cool  3D  cube  with  a 4 x 4 x 4 
monochromatic  LED  matrix  which  has  a 
total  of  64  LEDs.  The  preprogrammed 
microcontroller  that  includes  29  patterns 
that  will  automatically  play  with  a runtime 
of  approximately  6-1/2  minutes. 
Colors  available:  Green,  Red, Yellow  & Blue 

Subscriber’s  Price  $57.95 
Non-Subscriber’s  Price  $59.95 


Inverter  DC-DC  Converter  Kit 


If  you  need  +I2V  and  -I2V,  but  all  that's 
available  is  + 12V,  then  this  project  is  for 
you. The  inverted  DC-DC  converter  gives 
you  -V  out  when  you  put  +V  in,  and  works 
over  a range  of  voltages  without  adjust- 
ment. It's  an  easy  to  build  voltage  mirror 
that  can  supply  over  100  mA  without  a 
significant  drop  in  voltage. 
Subscriber’s  Price  $29.95 
Non-Subscriber’s  Price  $32.95 


Seismograph  Kit 


your  own 
shaking,  rattling, 
and  rolling. 
The  Poor  Man's  Seismograph  is  a great 
project  /device  to  record  any  movement  in 
an  area  where  you  normally  shouldn't  have 
any.The  kit  includes  everything  needed  to 
build  the  seismograph.  All  you  need  is  your 
PC,  SD  card,  and  to  download  the  free 
software  to  view  the  seismic  event  graph. 
Subscriber’s  Price  $79.95 
Non-Subscriber’s  Price  $84.95 


As  seen  in 
the  May 
20 1 2 issue. 

Now  you 
can  record 


Magic  Box  Kit 


As  seen  on  the 
April  2007 
cover. 


This  unique  DIY  construction  project 
blends  electronics  technology  with 
carefully  planned  handcraftsmanship. 
This  clever  trick  has  the  observer  remove 
one  of  six  pawns  while  you  are  out  of  the 
room  and  upon  re-entering  you  indicate 
the  missing  pawn  without  ever 
opening  the  box. 

Subscriber’s  Price  $39.95 
Non-Subscriber’s  Price  $45.95 


FOR  BEGINNER  GEEKS! 


The  Learning  Lab  2 

The  Learning  Lab  3 

Basic  Digital  Concepts 

Basic  Electron ics:Osci]]atQrs 

and  Dp-Amps 

and  Amplifiers 

sMl 

r * 

$59.95  $49.95  $39.95 

The  labs  in  this  series  — from  GSSTech  Ed  — show  simple  and  interesting  experiments  and  lessons,  all  done  on  a solderless  circuit  board. 


As  you  do  each  experiment,  you  learn  how  basic  components  work  in  a circuit,  and  continue  to  build  your  arsenal 


of  knowledge  with  each  successive  experiment. 


For  more  info  and  a promotional  video,  please  visit  our  webstore. 
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KITS/PLANS 


Electronic 

Kits 

•Fun  and  Educational 

• Discount  White  and 
Blue  LEDs 

■ ' •’ ! 

•Quantity  - 
Discounts  ft  - 

t >* 

www  .bakiitmiiics.com 


ENGINEERING/ 
DESIGN  SVCS 


DEVELOTECH,  INC. 

IP,  PCB  & Circuit  Design, 
Firmware,  Smart  Sensors, 
Test,  Low  Quantity  Builds 

NV@DEVELOTECH.NET 
Orlando,  FL  407.756.6823 


$0,007  per  soldering  point 
2 layer  PCBs  $0.14/in2 
Small  jobs  welcome 


FLEXREV.COM 


Nuts 
& Volts 
Mobile 
App! 

Check  it  out  now  at 
your  favorite 
App  Store! 


zuni 


Ultrasonic  Distance 
Sensing  Made  BZ 

HRUSB-M**Swi  ar-'-EZ1" 
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www. maxbotix.com 


QKITS.COM 


Robot  Arm 

with  5 motors  and  5 joints 


1 -888-GO  4 KITS 


Subscribe  today! 
vW.wWolte.ctw 


wm 

|RF| 

mm 
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RF  PARIS'  CO. 

Tubes,  Transistors,  Power  Components 

Email:  rfp®  rfparts.com * Web:  www.rfparts.com 

800-737-2787  Fax  888-744-1943 


UM-FPU64 

64-bit  Floating  Point  Coprocessor 


#♦ 

DIP-28,  SOIC-28,TQFP-44 


64-bit  and  32-bit  IEEE  754  compatible 
SPI  or  I2C  interface,  3.3V  Supply,  5V  Tolerant  I/O 
Extensive  floating  point  support,  FFT,  matrix  operations 
GPS  input,  local  device  support,  Flash  functions,  IDE 


Robotics 
Navigation 
Sensor  Modules 
Embedded  Systems 


Additional  products... 

uM-FPU  V3. 1 32-bit  FPU 
uM-PWM1  Servo  Coprocessor 


www.micromegacorp.com 


SURPLUS  ELECTRONIC  PARTS  & ACCESSORIES 


Cable*  Hardware  Relays  Swdches 

Over  ? 0.000  connectors  LEDs  Semiconductors  Test  Equipment 

Heme  in  Slock.  Duplays  tfslorB  Service  Menu***  Tggis. 

Fans  Poteniktfnelarfl  Speakers  VCR  Parts 


Surplus  Material  Components  No  Minimum  Order. 

SMC  ELECTRON  ICS  Credit  Cards  and  PAYPAL  Accepted 

www.smcelectron  ics . com  Fiat  $4 .95  per  order  USA  Shipping. 


DEC  EQUIPMENT 
WANTED!!! 

Digital  Equipment  Corp. 
and  compatibles. 

Buy  - Sell  -Trade 

Call  Keyways  937-847-2300 
or  email  buyer@keyways.com 


An  Ard1.1t  no 
VV  orkshcp 


Book  $44,95 


PiJzzJad  by  ibs 

Ardbjjrjo? 

Based  on  Nuts  & Volts 

Smiley's  Workshop, 
this  set  gives  you  all  the  f- 
pieces  you  need! 

Book  and  Kit  Combo/ 

$124.95 


For  more  info  on  this  and  other  great  combos! 


9f 

Please  visit:  http://siore.nutsvolts.com 


Kit  84.95 
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READER-TO-READER 


ECH 


»>  QUESTIONS 

Visit  our  Tech  Forum  online  at 
www.nutsvolts.com/tech-forum 

to  view  and  answer 
new  questions  as  they  come  in. 

I'm  building  a propeller  balance 
meter.  This  unit  was  designed  and 
built  for  in-house  use  at  Rockwell 
International  (North  American  Aircraft 
Corp.)  Columbus,  OH. 

There  were  approximately  200 
additional  units  that  were  built  for 
Rockwell's  Aero  Commander  dealers 
around  the  late  1960s.  It  uses  a 
velocity  type  pick-up  which  is  what  I 
need.  Best  as  I can  find  out,  it  was  a 
type  MU  6-7  Pn.  B 11032-1. 

If  anyone  knows  where  I can  get 
one  of  these  pick-ups  or  what 
could  be  substituted,  I would 
appreciate  any  help;  a used  or  surplus 
part  is  preferred. 

#3131  A.  Schwedler 

Stroudsburg,  PA 

I lost  my  hearing  at  a very  young 
age  and  have  always  struggled  with 
listening  to  the  audio  out  phones, 
computers,  MP3  players,  etc.  When  I 
have  my  hearing  aids  in  and  try  to 
listen,  it's  actually  worse! 

I would  like  to  build  an  audio 
amplifier  with  a programmable 
equalizer,  to  be  connected  to  the 
3.5  mm  audio  output  jack.  I will 
connect  +5V  separately. 

The  device  will  be  connected  to  a 
PC  temporarily  through  the  USB  jack 
for  programming,  and  then  be 
removed. 

Here  are  my  questions: 

Is  a one  stage  amplifier  enough? 

Is  it  better  to  amplify  first  then 
equalize,  or  equalize  then  amplify? 

Who  makes  the  best  audio  chips? 

What  software  is  needed  to 
program  the  EQ? 

Any  suggested  readings,  websites, 
software,  forums,  etc. 


Ti  All  New 

ECHFORUM 

Online  At 

www.nutsvolts.com/tech-forum 


Specifications: 

Easy  to  build  and  program  using  a 
chip  like  Monolithic  Linear  integrated 
circuit  LA3600;  www.electronics- 
lab.com/blog/?tag=equalizer. 

Input  voltage:  5V 
Gain:  ? 

Equalizer:  Seven  band  or  better 
Output:  3.5  mm 

And  for  the  hard  way,  using  a 
DSP  or  FPGA  to  build  an  advanced 
equalizer/gain  headset  that  could  be 
used  in  any  computer,  phone,  or  MP3 
player! 

#3132  Monito 

via  email 

»>  ANSWERS 

[#10125  - October  2012] 

Android  Platform 

Are  there  any  companies  that  are 
developing  an  Android  device  that  is 
designed  to  be  wall  or  panel  mounted? 
I like  the  operating  system  and  would 
like  to  integrate  an  Android  tablet  into 
some  automation , but  haven't  found 
anything  online.  My  employer  would 
also  like  to  explore  some  possibilities 
for  industrial  applications  and  a panel 
mount  would  work  best  for  them , too. 

While  it  is  not  exactly  a wall 
mounted  product,  the  Arduino  ADK 
(Android  Development  Kit)  is  built  to 
interface  with  the  Android  platform.  I 
hear  that  the  Raspberry  Pi  is  close  to 
being  able  to  run  Android  and  that 
might  be  an  interesting  alternative. 

playinmyblues 
via  email 


[#1131  - January  2012] 

Microcontroller  Newbie 

Fm  just  starting  in  electronics  and 
have  taught  myself  some  of  the  basics 
through  reading  books  and  building 
kits.  I'm  intrigued  with  microcontroller 
projects  and  was  hoping  to  get  some 
seasoned  opinions  on  where  to  start. 
There  seem  to  be  several  popular 
platforms  that  get  most  of  the  attention 
such  as  Arduino , PIC,  Stamp,  Propeller, 
etc. 

Which  is  best  for  a beginner? 

Can  someone  recommend  a book 
on  programming  that  assumes  zero 
experience  and  explains  the  basics 
from  the  start  through  getting  a simple 
project  up  and  running? 

Are  there  any  beginner-friendly 
online  user  groups  I might  join? 

Any  advice  is  appreciated. 

#1  There  are  a number  of  ways  to  get 
started  in  MCUs. 

In  my  opinion,  Parallax  has  the 
best  documentation  to  use  for  getting 
started.  If  you  don't  want  to  buy  their 
packages,  you  can  download  the  pdfs 
and  source  the  parts  after  looking  at 
the  components,  which  they  provide 
in  one  nice  place  in  their  books.  If  you 
use  a book  such  as  the  StampWorks 
book,  then  you  should  examine  the 
schematics  for  their  Professional 
Development  Board  (BS2  version  and 
not  the  Propeller  version),  and  buy  the 
necessary  components  to  build  the 
experiments.  Other  BS2  versions  are 
available  such  as  the  Stamp  Stack  II. 
The  "What's  a Microcontroller"  pdf  is 
also  a good  starting  point. 


Send  all  questions  and  answers  by  email  to  forum@nutsvolts.com 
or  via  the  online  form  at  www.nutsvolts.com/tech-forum 


All  questions  AND  answers  are  submitted 
by  Nuts  & Volts  readers  and  are  intended 
to  promote  the  exchange  of  ideas  and  pro- 
vide assistance  for  solving  technical 
problems.  All  submissions  are  subject  to 
editing  and  will  be  published  on  a space 
available  basis  if  deemed  suitable  by  the 
publisher.  Answers  are  submitted 


by  readers  and  NO  GUARANTEES 
WHATSOEVER  are  made  by  the  publisher. 
The  implementation  of  any  answer  printed 
in  this  column  may  require  varying  degrees 
of  technical  experience  and  should  only  be 
attempted  by  qualified  individuals. 

Always  use  common  sense  and  good 
judgment! 
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Send  all  questions  and  answers  by  email  to  fomm@nutsvolts.com 
or  via  the  online  form  at  www.nutsvolts.com/tech-forum 


All  the  concepts  you  learn  with 
any  MCU  system  will  be  able  to  be 
applied  to  any  other  system.  The 
syntax  and  instructions  will  vary  but 
the  concepts  remain  the  same. 
Arduino  has  a number  of  books 
written  about  it  and  is  probably  the 
most  popular  among  those  who  know 
little  about  MCUs.  It  was  made  with 
artists  and  builders  in  mind,  not  for 
engineers  and  tech-like  people.  They 
have  done  a good  job  of  marketing 
and  there  are  many  applications  made 
accessible  through  their  "shield" 
format.  Of  course,  there  are  quite  a 
few  books  written  about  Arduino  and 
you  should  examine  whichever  book 
to  find  out  what  parts  you  will  need  to 
work  with  the  projects. 

The  PICAXE  is  also  fairly  popular 
and  is  programmed  in  a version  of 
Basic.  The  Propeller  is  supposed  to  be 
a little  more  advanced  as  are  AVRs, 
PICs,  and  other  major  companies' 
MCUs  that  are  mostly  programmed  in 
C.  For  a beginner,  I would  stay  away 
from  the  Propeller,  AVRs,  and  PICs  as 
there  will  probably  be  too  steep  a 
learning  curve.  The  BASIC  Stamp  2 is 
a little  more  expensive  as  you  will 
need  the  MCU  and,  if  it  is  not  a USB 
version,  you  will  also  need  a USB  to 
RS-232  converter  — unless  you  have  a 
PC  with  the  old  serial  port,  DB9  style. 

The  Arduino  is  cheaper  and  more 
popular,  but  you  will  most  likely  have 
to  do  a little  more  searching  and  trial 
and  error  to  get  your  code  running 
with  the  documentation  available. 
Parallax  (the  company  that  makes  the 
BS2)  has  very  good  documentation. 
Another  advantage  of  the  Arduino  is 
that  programs  written  in  C/C++  will 
also  work  in  the  Arduino  environment. 

Books  for  the  BS2:  What's  a 
Microcontroller ? and  StampWorks." 

Books  for  Arduino:  the  Evil 

Genius  books  and  probably  Arduino 
Cookbook. 

Books  for  the  PICAXE:  Unknown 
but  there  are  bound  to  be  some  on 
the  PICAXE  homepage,  as  well  as 
Amazon. 

playinmyblues 
via  email 


#2  Pm  also  at  a similar  beginning 
stage,  as  you  describe.  I am  currently 
working  through  a book  called 
C Programming  for  Embedded 
Microcontrollers  by  Warwick  A.  Smith, 
which  I find  thus  far  to  be  excellent. 
The  ISBN  is  978-0-905705-80-4. 

Here  are  the  books,  features,  and 
recommendations: 

Use  only  free  or  open  source 
software. 

Learn  how  to  download,  set  up, 
and  use  free  C programming  tools. 

Start  learning  the  C language  to 
write  simple  PC  programs  before 
tackling  embedded  programming  — 
No  need  to  buy  an  embedded  system 
right  away! 

Start  learning  to  program  from 
the  very  first  chapter  with  simple 
programs  and  slowly  build  from 
there.  No  programming  experience  is 
necessary! 

Learn  by  doing  — Type  and  run  the 
example  programs  and  exercises 
which  can  be  downloaded  from  the 
Internet.  — A fun  way  to  learn  the 
C programming  language. 

Ideal  for  electronic  hobbyists, 
students  and  engineers  wanting  to 
learn  the  C programming  language  in 
an  embedded  environment  on  ARM 
microcontrollers. 

As  a beginner,  I personally  found 
Arduino  to  be  the  easiest  platform  to 
get  a running  start. 

Agg 
via  email 

[#2132  - Februsry  2013] 

Inductive  Kick  Diode 

I built  a PWM  controller  for  a 
36  volt  golf  cart  motor.  What  size , 
amperage , and  voltage  do  I need  for 
the  motor's  fly-back  diode ? 

The  maximum  reverse  voltage 
across  the  diode  will  be  36  volts.  A 
conservative  rule  of  thumb  is  to 
double  that,  so  choose  a diode  with  a 
rating  of  at  least  72  volts.  The  maxi- 
mum current  will  be  whatever  your 
PWM  controller  delivers  to  the  motor. 
When  the  PWM  controller  shuts  off  at 
the  end  of  each  cycle,  the  voltage 


across  the  motor  inductance  will 
instantaneously  reverse  polarity  and 
begin  to  flow  through  the  diode. 
Using  the  same  rule  of  thumb,  pick  a 
diode  that  is  rated  for  twice  this 
current.  You  also  need  to  be  sure  the 
diode  can  dissipate  the  power  while 
keeping  its  junction  temperature 
below  TJ  max  (150  deg  C is  typical). 
The  power  dissipated  is  1/2  L lA2 
(the  energy  stored  in  the  motor  induc- 
tance) multiplied  by  the  frequency  of 
your  PWM  controller.  Depending  on 
this  result,  you  may  need  to  put  the 
diode  on  a heatsink. 

Mark  Whitmore 
Frederick,  MD 
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ROBOTSHOP  WILL  INTRODUCE... 


FLOWBOTICS  STUDIO  V2 


GET  READY  TO  CHANGE  THE  WORLD  OF  ROBOTICS 


la 


LUBOT?C 


FIcwBotics  is  a trademark  af 
RahotShap  Distribution  inc. 


up. cum 


Robotics  at  Your  Service!™ 


J 


PL  1 3 OA 


PL200 


PL300 


AMFM108K 


SP1A 


PL500 


AMFM7 


AK870 


✓ Build  It! 

✓ Learn  It! 

✓ Achieve  It! 

✓ Enjoy  It! 


Follow  us  on  your  favorite  network  site  and 
look  for  a lot  of  super  deals  posted  frequently... 
exclusively  for  our  followers! 


PL130A  Gives  you  130  different  electronic  projects 
together  with  a comprehensive  learning  manual 
describing  the  theory  behind  all  the  projects. 

PL200  Includes  200  very  creative  fun  projects  and 
includes  a neat  interactive  front  panel  with  2 controls, 
speaker,  LED  display  and  a meter. 

PL300  Jump  up  to  300  separate  projects  that 
start  walking  you  through  the  learning  phase  of  digital 
electronics. 


Beginners  To  Advanced...  It's  Fun! 


Learn,  build,  and  enjoy! 

130,  200,  300,  & 500  in  one  electronic  labs! 
Practical  through  hole  and  SMT  soldering  labs! 
Integrated  circuit  AM/FM  radio  lab! 

AM,  AM/FM,  and  SWL  radio  labs! 

Radio  Controlled  (RC)  car! 

Beginner's  non-soldering  kits! 


For  over  4 decades  we've  become  famous  for  making 
electronics  fun,  while  at  the  same  time  making  it  a 
great  learning  experience.  As  technology  has  changed 
over  these  years,  we  have  continued  that  goal! 


PL500  The  ultimate  electronics  lab  that  includes 
500  separate  projects  that  cover  it  all,  from  the  basics 
all  the  way  to  digital  programming. 


SPJA  Whether  young  or  old,  there's  always  a 
need  to  hone  your  soldering  skills.  Either  learn  from 
scratch  or  consider  it  a refresher,  and  end  up  with  a 
neat  little  project  when  you're  done! 


SM200K  Move  up  to  Surface  Mount  Technology 
(SMT)  soldering,  and  learn  exactly  how  to  solder 
those  tiny  little  components  to  a board! 


AMFM108K  We  not  only  take  you  through  AM  and  FM 
radio  theory  but  we  guide  you  through  IC's.  When 
you're  done  you've  built  yourself  an  1C  based  AM/FM 
radio  that  works  great! 


AM2  Learn  the  complete  theory  of  AM  broad- 
cast radio  and  end  up  with  a highly  sensitive  AM  radio 
receiver! 


AMFM7  Step  up  to  AM/FM  with  this  multi-band 
lab  and  learn  the  basics  of  both  bands.  The  FM  tuner 
is  factory  assembled  and  aligned! 


SR3  Enter  the  world  of  SWL  with  this  short- 

wave radio  learning  lab  covering  6-8MHz  and  12- 
18MHz! 


AK870  One  of  the  most  exciting  electronic  learn 
ing  kits  that  the  kids  will  love!  Build  a complete  RC 
speedster  from  the  ground  up!  7 remote  functions! 


PL130A  130-ln-One  Lab  Kit  $39.95 

PL200  200-In-One  Lab  Kit  $84.95 

PL300  300-In-One  Lab  Kit  $109.95 

PL500  500-In-One  Lab  Kit  $249.95 

SP1A  Through  Hole  Soldering  Lab  $9.95 

SM200K  SMT  Practical  Soldering  Lab  $22.95 

AMFM108K  AM/FM  1C  Lab  Kit  & Course  $36.95 
AM2  AM  Radio  Learning  Lab  $11.95 

AMFM7  AM/FM  Radio  Learning  Lab  $12.95 

SR3  Shortwave  Radio  Learning  Lab  $16.95 

AK870  RC  Speedster  Car  Kit  $29.95 


Super-Pro  FM  Stereo  Radio  Station 

✓ PLL  synthesized  for  drift-free  operation 

✓ Built-in  mixer  - 2 line  inputs  and  one  microphone 
input,  line  level  monitor  output! 

✓ Frequency  range  88.0  to  108.0,  100  kHz  steps 

✓ Precision  active  low-pass  "brick  wall"  audio  filter! 

✓ Dual  LED  bar  graph  audio  level  meters! 

✓ Automatic  adjustable  microphone  ducking! 

✓ Easy  to  build  through-hole  design! 

This  professional  synthesized  transmitter  is  adjustable  directly  from  the  front  panel  with  a large  LED 
digital  readout  of  the  o 


perating  frequency.  Just  enter  the  setup  mode  and  set  your  frequency.  Once  selected 
arid  locked  you  are  assured  of  a rock  stable  carrier  with  zero  drift.  The  power  output  is  continuously  adjustable 
throughout  the  power  range  of  the  model  selected.  In  addition,  a new  layer  of  anti-static  protection  for  the  fina 
RF  amplifier  stage  and  audio  inputs  has  been  added  to  protect  you  from  sudden  static  and  power  surges. 


Audio  quality  is  equally  impressive.  A precision  active  low-pass  brick  wall  audio  filter  and  peak  level  limiters  give 
your  signal  maximum  "punch"  while  preventing  overmodulation.  Two  sets  of  rear  panel  stereo  line  level  inputs 
are  provided  with  front  panel  level  control  for  both.  Standard  unbalanced  "RCA"  line  inputs  are  used  to  make  it 
simple  to  connect  to  the  audio  output  of  your  computer,  MP3  player,  DVD  player,  cassette  deck  or  any  other 
consumer  audio  source.  Get  even  more  creative  and  use  our  K8094  below  for  digital  storage  and  playback  of 
short  announcements  and  ID's!  In  addition  to  the  line  level  inputs,  there  is  a separate  front  panel  microphone 
input.  All  three  inputs  have  independent  level  controls  eliminating  the  need  for  a separate  audio  mixer!  Just 
pot-up  the  source  control  when  ready,  and  cross  fade  to  the  2nd  line  input  or  mic!  It's  that  simple!  In  addition 
to  the  dual  stereo  line  inputs,  a stereo  monitor  output  is  provided.  This  is  perfect  to  drive  studio  monitors  or 
local  in-house  PA  systems. 

The  FM100B  series  includes  an  attractive  metal  case,  whip  antenna  and  built  in 
1 10/220VAC  power  supply.  A BNC  connector  is  also  provided  for  an  external 
antenna.  Check  out  our  Tru-Match  FM  antenna  kit,  for  the  perfect  mate  to 
the  FM100B  transmitter. 


We  also  offer  a high  power  kit  as  well  as  an  export-only  assembled  version 

HLWimJ.  that  provides  a variable  RF  output  power  up  to  1 watt.  The  1 watt  unit  must 
‘ ut'l'ze  an  external  antenna  properly  matched  to  the  operating  frequency  to 
TVJ  maintain  a proper  VSWR  to  protect  the  transmitter.  (Note:  The  FM100B  and  FM100BEX  are  do-it- 

yourself  learning  kits  that  you  assemble.  The  end  user  is  responsible  for  complying  with  all  FCC  rules  & regulations  with- 
in the  US  or  any  regulations  of  their  respective  governing  body.  The  FM100BWT  is  for  export  use  and  can  only  be 
shipped  to  locations  outside  the  continental  US,  valid  APO/FPO  addresses  or  valid  customs  brokers  for  documented  end 
delivery  outside  the  continental  US). 

FM100B  Super-Pro  FM  Stereo  Radio  Station  Kit,  5uW  to  25mW  Output  $269.95 

FM100BEX  Super-Pro  FM  Stereo  Radio  Station  Kit,  5uW  to  1 W Output  $349.95 


Audio  Recorder  & Player 

Record  and  playback  up  to  8 minutes  of 
messages  from  this  little  board!  Built-in 
condenser  mic  plus  line  input,  line  & 
speaker  outputs.  Adjustable  sample  rate 


for  recording  quality, 
remote  controlled!  F 


4-switch  operation  that  can  be 
Runs  on  9-12VDC  at  500mA. 


K8094  Audio  Recorder/Player  Kit 


Water  Sensor  Alarm 

This  little  $7  kit  really  shined  during  Sandy! 
Simply  mount  the  alarm  where  you  want  to 
detect  water  level  problems.  When  the  water 
level  rises  it  touches  the  contacts  and  the 
alarm  goes  off!  Sensor  can  even  be  remotely 
located.  Runs  on  a 9V  battery  (not  included). 

$32.95  MK108  Water  Sensor  Alarm  Kit 


$6.95 


12VDC  Regulated  Switching  Supply  Electronic  Watch  Dog 

Go  green  with  our  new  12VDC  1A 
regulated  supply.  Worldwide 
input  1 00-240VAC  with  a Level-V 
efficiency!  It  gets  even  better, 
includes  DUAL  ferrite  cores  for  RF  and  EMI  sup 
pression.  All  this  at  a 10  buck  old  wallwart  price! 

AC121  12VDC  1A  Regulated  Supply 


A barking  dog  on  a PC  board! 
have  to  teed  it!  Generates  2 
table  barking  dog  sounds.  Plus  a built-in  mic 
senses  noise  and  can  be  set  to  bark  when  it 
hears  it!  Adjustable  sensitivity!  Unlike  my 
Saint,  eats  2-8VAC  or  9-12VDC,  it's  not  fussy! 

$9.95  K2655  Electronic  Watch  Dog  Kit 


$39.95 


Passive  Aircraft  Mon Et)'|  4-Channel  USB  Relay  Control 


The  hit  of  the  decade!  Our  patented  receiv- 
er hears  the  entire  aircraft  band  without  any 
tuning!  Passive  design  has  no  LO,  therefore 
can  be  used  on  board  aircraft!  Perfect  for 
airshows,  hears  the  active  traffic  as  it  hap- 
pens! Available  kit  or  factory  assembled. 


ABM1 


Passive  Aircraft  Receiver  Kit 


$89.95 


Laser  Trip  Sensor  Alarm 

True  laser  protects  over  500 
yards!  At  fast  within  the^ 

reach  of  the  hobbyistrthis  neat  kit  uses  a standard 
laser  pointei^Hifluded)  to  provide  both  audible  and 
visual .^ferfof  a broken  patn.  5A  relay  makes  it  simple 
fterface!  Breakaway  board  to  separate  sections. 

LTS1  Laser  Trip  Sensor  Alarm  Kit $29.95 


This  professional  quality  USB 
relay  controller  allows  comput 
er  controlled  switching  of 
external  devices,  plus  full  bi- 
directional communication 
with  the  external  world  using 
the  USB  port  of  your  computer! 

The  controller  features  four  onboard  relay  outputs  with 
a current  rating  of  10A  each.  Also  onboard  is  a 6-chan- 
nel Input/Output  interface,  with  each  channel  individu- 
ally configurable  as  Digital  Input,  Digital  Output,  Analog 
Input  (10-bit  Resolution).  In  Digital  Input/Output 
modes,  each  channel  can  support  a TTL  compatible  or 
ST  input  or  a 5V  output  signal.  In  Analog  Input  mode, 
each  channel  can  convert  a voltage  of  between  0 to  5V 
into  a 10-bit  digital  representation. 

UK1 104  4-Ch  USB  Relay  Interface  Kit  $59.95 


Next  Generation  Classic  Nixie  Tube  Clocks! 
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✓ Our  brand-new  next  generation  clock  for  2013! 

Today's  latest  technology  with  yesterday's  display!  0u.r  next «8?neS*,ion  °,f  classic  tube  cl?Jcks  perfectly  mesh  today's  technology  with  the  Nixie  era  tech- 
A hh  A k/i\vi  I nology  of  the  60  s.  Of  course,  features  you  d expect  with  a typical  clock  are  all  supported  with  the  Nixie 

clock...  and  a whole  lot  more!  Time  wise,  the  clocks  are  designed  around  a quartz  crystal  timebase,  there- 
fore are  not  AC  power  frequency  dependent  like  a lot  of  clocks.  This  means  they  can  be  used  in  any  coun- 
try regardless  of  power  frequency,  with  the  included  12VDC  regulated  power  supply.  The  clocks  are  also 


¥ Choice  of  hand  rubbed  Teak/Maple, 
polished  aluminum,  or  acrylic  base! 

¥ Choice  of  Nixie  tubes  types 
¥ Low-cost  GPS  receiver  timebase  option! 

¥ Programmable  color  LED  tube  mood  lighting! 

✓ The  ultimate  conversation  piece! 

which  can  be  programmed  to  display  for  a few  seconds  at  the  end  of  each  minute  either  as  a static  display, 
or  by  a neat  scrolling  in/out  from  alternating  sides  of  the  display.  Display  wise,  tne  clocks  feature  a programmable  night  mode  with  dim  or  blank  display,  a programmable 
master  blank  tube  saver,  hard  or  soft  fade  digit  change,  and  even  have  a built-in  "Slot  Machine"  cathode  poisoning  prevention  routine.  Programming  and  setting  the  clock  is 
a breeze  with  simple  2-button  entries  on  the  rear  panel.  The  clocks  are  available  in  our  signature  hand  rubbed  Teak  & Maple,  polished  aluminum,  or  clear  acrylic  bases. 


programmable  for  12  or  24  hour  mode,  various  AM/PM  indications,  programmable  leading  zero  blanking, 
anainclude  a programmable  alarm  with  snooze. 

Unlike  most  Nixie  clocks,  the  clocks  also  display  the  date  in  DD.MM.YY,  MM.DD.YY,  or  YY.MM.DD  format, 

i few « 


WE  CROSSED  THE  TECHNOLOGY  TIMELINE ! 

We  then  jumped  the  technological  time  line  of  the  60's  Nixie  displays  by  adding  the  latest  multi-colored  LEDs  to  the  base  of  the  Nixie  tubes  to  provide  hundreds  of  illumina- 
tion colors  to  highlight  the  glass  tubes!  The  LED  lighting  can  be  programmed  to  any  color  and  brightness  combination  of  the  colors  red,  green,  or  blue  to  suit  your  mood  or 
environment.  Then  we  leaped  over  the  technological  timeline  by  integrating  an  optional  GPS  time  base  reference  for  the  ultimate  in  clock  accuracy!  The  small  optional  GPS 
receiver  module  is  factory  assembled  and  tested,  and  plugs  directly  into  the  back  of  the  clock  to  give  your  Nixie  clock  accuracy  you  could  only  dream  of!  The  new  series 
clocks  are  available  in  6-tube  and  4-tube  versions,  with  your  choice  of  bases,  and  your  choice  of  Kit  or  factory  assembled  & tested.  If  you're  looking  for  the  ultimate  conversa- 
tion piece,  with  a trip  down  nostalgia  lane,  check  out  our  clocks  at  www.ramseykits.com/nixie. 

NIXIE  CLOCKS  Classic  Nixie  Tube  Clocks,  Teak/Maple,  Polished  Aluminum,  or  See-Through  Acrylic  Base,  Kit  or  Factory  Assembled  From  $229.95 


Air  Blasting  Ion  Generator  ft 

Generates  negative  ions  along  with  a 
hefty  blast  of  fresh  air,  all  without  any 
noise!  The  steady  state  DC  voltage 
generates  7.5kV  DC  negative  at  400uA, 
and  that's  LOTS  of  ions!  Includes  7 wind 
tubes  for  max  air!  Runs  on  12-15VDC. 

IG7  Ion  Generator  Kit 


Electret  Condenser  Mic 

This  extremely  sensitive  3/8"  mic  '"0s 

has  a built-in  FET  preamplifier!  It's 
a great  replacement  mic,  or  a perfect  CBS* 

answer  to  add  a mic  to  your  project. 

Powered  by  3-15VDC,  and  we  even  include  coupling 
cap  and  a current  limiting  resistor!  Extremely  popular! 

MCI  Mini  Electret  Condenser  Mic  Kit  $3.95 


Mention  or  enter  the  coupon 
code  NVRMZ12  and  receive  10% 
off  your  order! 


Tri -field  Meter  Kit 

"See"  electrical,  magnetic,  and  RF  fields  as 
a graphical  LED  display  on  the  front  pane\\  mKESn 
Use  it  to  detect  these  fields  in  your 
house,  find  RF  sources,  you  name  it. 

Featured  on  CBS's  Ghost  Whisperer  to 

detect  the  presence  of  ghosts!  Req's  4 AAA  batteries. 

TFM3C  Tri-Field  Meter  Kit  $74.95 


+HV  Plasma  Generator 

Generate  2"  sparks  to  a handheld 

screwdriver!  Light  fluorescent  tubes  kj 

without  wires!  This  plasma  genera-  H 

tor  creates  up  to  25kV  at  20kHz  from  a 

solid  state  circuit!  Build  plasma  bulbs  from  regular 

bulbs  and  more!  Runs  on  16VAC  or  5-24VDC. 

PG13  HV  Plasma  Generator  Kit  $64. 


Van  de  Graaff  Generators  Q 

Create  your  own  lightning  with  these  time  test-  ■ l \ 
ed  student  favorites!  Produces  low  current  static  * 
currents  that  can  be  "shocking"  but  perfectly  f||| 
safe!  Draw  sparks  to  a screwdriver,  grab  hold  Jj 
and  watch  your  hair  stand  straight  up!  Two 
models  produce  from  200kV  to  400kV!  ^0 

VG  Van  de  Graaff  Generators  from  $139.95 

Snlff-lt  RF  Detector  Probe 

Measure  RF  with  your  standard  "s,  M 

DMMorVOM!  This  extremely  sensi-^  ■. 

tive  RF  detector  probe  connects  to 

any  voltmeter  and  allows  you  to 

measure  RF  from  100kHz  to  over  1GHz!  So  sensitive  it 

can  be  used  as  a RF  field  strength  meter! 

RF1  Sniff-lt  RF  Detector  Probe  Kit  $27.95 


Speedy  Speed  Padar  Gun 

Our  famous  Speedy  radar  gun 
teaches  you  aoppler  effect  the 
fun  way!  Digital  readout  dis- 
plays in  MPH,  KPH,  or  FPS.  You 
supply  two  coffee  cans!  Runs  on 
12VDC  or  ourAC121  supply. 

SG7  Speed  Radar  Gun  Kit  $74.< 

Broadband  Rf  Preamp 

Need  to  "perk-up"  your  counter  or 
other  equipment  to  read  weak  sig-  * 

nals?  This  preamp  has  low  noise  and  \ J 

yet  provides  25dB  gain  from  1MHz  to  well 
over  1GHz.  Output  can  reach  lOOmW!  Runs  on 
12  volts  AC  or  DC  or  the  included  1 10VAC  PS.  Asmb, 

PR2  Broadband  RF  Preamp  $69.< 

Voice  Activated  Switch  g \ i 

Voice  activated  (VOX)  provides  a | * 
switched  output  when  it  hears  a 
sound.  Great  for  a hands  free  PTT 
switch  or  to  turn  on  a recorder  or  light! 

Directly  switches  relays  or  low  voltage  loads  up  to 
100mA.  Runs  on  6-12  VDC. 


Voice  Switch  Kit 


800-446-2295 
www.ramseykits.com 


RAMSEY  ELECTRONICS® 

590  Fishers  Station  Drive 
Victor,  NY  14564 

Prices,  availability,  and  specifications  are  subject  to  change.  Not  responsible  for  typos,  mistakes,  stupids,  or  confusion  that  Spring  is  (800)  446-2295 

even  approaching!  Robin  gave  me  an  extra  week  to  dig  out  of  the  snow  and  prepare  this  Spring  ad!  How  ironic  is  that!  Visit  (585)  924-4560 


www.ramseykits.com  for  the  latest  pricing,  specials,  terms  and  conditions.  Copyright  2013  Ramsey  Electronics®.,  so  there! 


Better,  More  Technical 


/ ) Order  online : www.jaycar.us 

Free  call  orders : 1800  784  0263 

■ Ml . 


% 


Kits  for  Electronics  Enthusiasts 


Popular  Kits  for  Cars 


$18.00* 


10A  12VDC  Motor 
Speed  Controller  Kit 

Ideal  for  controlling  1 2V  DC 
motors  in  cars  such  as 
fuel  injection  pumps, 
water/air  intercoolers  and 
water  injection  systems. 

You  can  also  use  it  for 
headlight  dimming  and  for 
running  12V  DC  motors  in  24V 
vehicles.  The  circuit  incorporates 
a soft  start  feature  to  reduce  inrush 
currents,  especially  on  12V  incandescent  lamps. 

• Kit  includes  PCB  plus  all  electronic  components  to 
build  the  1 0A  version 

• PCB:  69  x 51  mm 

Cat.  KC-5225 


Garbage  & Recycling 
Reminder  Kit 


Easy  to  build  kit 
that  reminds 
| you  when  to 
put  which  bin  out 
by  flashing  the 
corresponding 
brightly  colored 
LED.  Up  to  four 
bins  can  be 
individually  set  to 
weekly,  fortnightly 
or  alternate  week  or  fortnight  cycle.  Kit  supplied 
with  silk-screened  PCB,  black  enclosure 
(83  x 54  x 31  mm),  pre-programmed  PIC, 
battery  and  PCB  mount  components. 


$23.75* 


Universal  Voltage  Switch  Kit 

A universal  module  suits 
a range  of  different 
applications.  It  will  trip 
a relay  when  a preset 
voltage  is  reached.  Can 
be  configured  to  trip  with  a’^P 
rising  or  falling  voltage  making  it 
suitable  for  a wide  variety  of  voltage 
outputting  devices  eg.,  throttle  position  sensor,  air 
flow  sensor,  EGO  sensor.  It  also  features  adjustable 
hysteresis  (the  difference  between  trigger  on/off 
voltage),  making  it  extremely  versatile.  You  could  use 
it  to  trigger  an  extra  fuel  pump  under  high  boost, 
anti-lag  wastegate  shutoff,  and  much  more. 

• Kit  supplied  with  PCB,  and  electronic  components. 

• PCB:  105  x 60mm 

Cat.  KC-5377 


Speedo  Corrector  Kit  Mkll 

When  you  modify  your  ^ 

gearbox,  diff  ratio 
or  change  to  a 
large  circumference 
tyre,  it  may  result  in 
an  inaccurate 
speedometer.  This  kit 
alters  the  speedometer  signal  up 
or  down  from  0%  to  99%  of  the  original  signal. 
The  input  setup  selection  can  be  automatically 
selected  and  features  an  LED  indicator  to  show 
when  the  input  signal  is  being  received.  Kit 
supplied  with  PCB  with  overlay  and  all  electronic 
components. 

• PCB:  1 05  x 61  mm 

• Recommended  box:  UB3  (use  HB-6013  $2.50) 

Cat.  KC-5435 


*!***** 
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. PCB:  75  x 47mm 

Cat.  KC-5518 


Display  Kits  for  Cars 


Jacobs  Ladder  MK3  Kit 

A spectacular  rising  ladder  of  bright 
and  noisy  sparks  for  theatre  special  effects 
or  to  impress  your  friends.  This  improved 
circuit  has  even  more  zing  and  zap  than  it's 
previous  design  from  April  2007  and 
requires  the  purchase  of  a 12V  ignition  coil 
(available  from  auto  stores  and  parts 
recyclers).  Kit  supplied  with  silk-screened 
PCB,  diecast  enclosure  (111  x 60  x 30mm), 
pre-programmed  PIC,  PCB  mount 
components  and  pre-cut  wire/ladder. 
Powered  from  a 1 2V  7Ah 
SLA  or  1 2 V car  battery. 

Cat.  KC-5520 


$36.00* 


W** 
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1 Battery  not  included 
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Automotive  Headlight  Reminder  Kit 

Features  include  a modulated  alarm,  ignition  and 
lights  monitoring,  optional  door  switch  detection, 
time-out  alarm  and  a short  delay  before  the 
alarm  sounds.  Kit  includes 
quality  solder  masked  PCB  j 
with  overlay,  case  with 
screen  printed  lid  and  all 
electronic  components. 

• 12VDC 

• PCB:  78  x 49  mm 

Cat.  KC-5317 


$20.25 


Voltage  Monitor  Kit 

This  versatile  kit  will  allow  you  to  monitor  the 
battery  voltage,  the  airflow  meter  or  oxygen  sensor 
in  your  car.  The  kit  features  10  LEDs  that  illuminate 
in  response  to  the  measured  voltage,  preset  9-1 6V, 
0.-5V  or  0-1 V ranges.  Complete  with  a fast 
response  time,  high  input  impedance  and  auto 
dimming  for  night  time  driving. 

Kit  includes  PCB  with 
overlay,  LED  bar  graph 
and  electronic 
components. 

• 12VDC 

• PCB:  74  x 47  mm 

• Recommended  box: 

UB5  (use  HB-6015  $2.00) 

Cat.  KC-5424 


Mixture  Display  Kit  for  Fuel 
Injected  Cars 

This  very  simple  kit  will  allow  you  to  monitor  the 
fuel  mixtures  being  run  by  your  car.  This  type  of 
sensor  is  also  known  as  an  E.G.O.  (exhaust,  gas, 
oxygen)  monitor.  The  circuit  connects  to  the  EGO 
sensor  mounted  in  the  exhaust  manifold  and  the 
cars  battery.  PCB,  LEDs  and  components 
supplied. 


• PCB:  74  x 36mm 

Cat.  KC-5195 


Economy  Adjustable 
Temperature  Switch  Kit 


Features  an  adjustable 
switching  temperature  up 
to  475°C,  and  it  can  be 
configured  to  trigger  with 
rising  or  falling  temperature. 

It  has  adjustable  hysteresis  (the 
difference  between  on/off  temp)  which  is  a great 
feature  many  other  units  do  not  possess.  It  can 
be  used  to  operate  cooling  fans  on  a radiator  or 
amplifier,  over-temp  warning  lights  or  alarms,  and 
much  more.  The  small  temperature  sensor  reacts 
quickly  to  temp  changes. 


$23.75* 


*4 


$12.25* 


$16.75* 


Post  & Packing  Charges 


1 rsYl  1 1 1 1 1 1 1 1 lllilllli  Ktft 


NOW  SHIPPING  VIA  DHL 

• FAST  DELIVERY  • TRACK  SHIPMENT 


Max  weight  12lb  (5kg). 
Heavier  parcels  P0A. 
Minimum  order  $25. 


HOW  TO  ORDER 


WEB:  www.jaycar.us 

PHONE:  1-800-784-0263* 

FAX:  +61  2 8832  3118 

EMAIL:  techstore@jaycar.com 

POST:  P.0.  Box  107,  Rydalmere  NSW  2116  Australia 


Note:  Products  are  dispatched  from  Australia, 
so  local  customs  duty  & taxes  may  apply. 


• Kit  supplied  with  PCB,  NTC 
Thermistor,  and  all  electronic  components 

• PCB:  1 05  x 60mm 

Cat.  KC-5381 


Australian  Eastern  Standard  Time 

(Monday  - Friday  09.00  to  17.30  GMT  + 10  hours) 

- ALL  PRICING  IN  US  DOLLARS  Prices  valid  until  31/3/2013 


Theremin  Synthesiser  Kit  Mkll 

Create  your  own  eerie  science  fiction  sound 
effects  by  simply  moving  your  hand  near  the 
antenna.  Easy  to  set  up  and  build.  Complete  kit 
contains  PCB  with  overlay,  pre-machined  case 
and  all 
specified 
components. 

• PCB:  85  x 145mm 

Cat.  KC-5475 


itlti 


*AII  prices  EXCLUDE  postage  & packing 


/ 


